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Anmual Rei’Okt of the Geological Survey op India, and of the Geological 
Museum, Calcuxta, for the year 1885/ 

A discovery of pfreat interest to Indian geology was made in tlie year under 
review; and it affords os striking ,in instance as could be quoted of the magic 
light that can be thrown upon stratigraphical puzzles by a simple find of fossils. 
We owe the discovery to Dr. H. Warth, who was some time ago in chai'ge of the 
great Mayo salt mines at Khowra, in the midst of the most interesting geological 
sections in India; and he then contributed not a little to our knowledge through 
his intelligent zeal in collecting fossils,‘as the students of Dr. Waagen’s descrip¬ 
tion of the Salt-range fossils in the Palieontologla Tudica cannot fail to notice. 
Dr. Warth has again lately been deputed on other duty in the same neighbour¬ 
hood, and his industry in the cause of geology has now met with signal 
reward. In FobrM^jjJi^t I received from him a small box of fossils, of which he 
wrote—“ llcsidcs these fragments you will find in the tin box a broken pebble 
wrapped in green paper. You will notice that the pebble contains a fossil. 
The pebble was found at Clioya Saidan Shah, loose amongst other pebbles which 
had weathered out of the pebble bed or cretaceous (?) conglomerate to which Wynne 
refers at page 104 of his Salt-rango Memoir. The pebbles and boulders consist 
usually of crystalline rocks, but it appears that there are also fossiliferous rock 
pebbles amongst them. In case you can get this fossil determined.! would thank 
you for letting me know the result.” The fossil was very distinctly a Ootiularia, 
which is, according to the books, of middle or lower palseozoifi age ; but I sent it by 
-next post to Dr. Waagen, whose first impression regai'ding it was given in a letter 
dated 25th of March : “ The fossil you sent mo is really a Gonularia and cornea 
probably from silurian strata, being carried dow^ from the Himalayas either by 
ice action or by floods, during upper cretaceous times.” Having no preconceptions 
against thesoccurrence of silurian deposits in the Suit-range itself, 1 could not for 
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a moment concur as to the deri7ation..sngge8ted; and Dr. Warth’s farther pursuit 
of this exciting clue soon determined that the 80 *called pebbles are in situ^ their 
form being concretionary and not due to water wear. A large collection of them 
and a few other associated fossils were sent by him to Dr. Waagen, and form the 
material of his very interesting paper in the current number of the Records. The 
boulder bed hitherto placed, not without misgivings (for the similarity of the 
boulder beds throughout the range has always been noticed), with the cretaceous 
olive-seiies at the east end of the Salt-range, being thus proved to be palaeozoic, its 
affiliation with the boulder beds beneath Dr. Waagen’s Productus-limestone be¬ 
came at once an obvious necessity. Dr. Waagen seems inclined still to include this 
zone in his Productus-limestone series; but with such marked unconformity, and 
the distinct facies of the small fauna now described, the proceeding would seem 
somewhat to strain the practice usual ip such matters. Still more difficult will 
it now appear to retain the Neobolns-beds of the east Salt-range as a member of 
the Productus-limestone series. The emendation proposed by Dr. Waagen (at 
page 3 of his Salt-range fossils) of Mr. Wynne’s rough classificatipn of these 
deposits will probably have to be reconsidered: In the connection presently to 
be noticed, the name ‘ Productns-limestone ’ chosen by Dr. Waagen for the upper 
jisJasozoic series of the Salt-range promises to be confusing, fOrtho rock elsewhere 
underlying the supposed equivalents of the Talchirs is sometimes quoted as a 
Productus-limestone. 

The important corrections made in the stratigraphy of the Salt-range by this 
find of fossils are perhaps of less interest themselves than is their bearing upon 
the correlations of our Indian Gondwana rock system; and this inference is 
almost as obvious as the primary one. A single great glacial boulder deposit of 
paleeozoic age, and distinctively of southern derivation, being established in the 
Salt-range, it was impossible not to conjecture its identification with the Talchir 
glacial deposits found almost everywhoni at the base of the Gondwana rocks 
of peninsular India. Ever since tliq origin of the Survey the correlation of the 
great isolated plant-beai'ing scries, for w’hich I proposed the name Gondwana 
under which it is now known, has been an object of inquiry and contention. 
The correspondence of some of these fossil plants with those associated with 
oolitic marine fossils in Catch as previously described by Captain Grant was 
recognised from the first; atid the more exact con-elation on that side was estab¬ 
lished by Dr. Peistmantel’s identifying the flora of the topmost (Jabalpur) group 
of the Gondwana sequence with the Umia horizon (top jurassic) of Cutch. The 
lower Gondwana or Damuda flora is not represented in Cutch, and for it the 
nearest known standard of comparison was in Auelralia, where some coal-beds 
with a flora more or less resembling that of the Damuda series are distinctly 
iuterstratified with beds containing a marine fauna of well-marked lower-car¬ 
boniferous facies. This very strong evidence was accepted by Dr. Oldham as 
presumptive proof of the palaeozoic age of the Damuda formationand he 
went a little further in endeavouring to show that the Damuda fl^ora itself might 
be reconciled to the palaeozoic ^typo. This view was strongly contested by the 
palaeo-botanists, who on their side endeavoured to discredit the stratigraphioal 
facts of continuous sequence and iuterstratification. Thus both parties, aofhated 



PART 1 .] 


Annnat Beporifor 1883, 


$ 


bj the same preimmption'of an assumed aecessaiy correspondence befcereen two 
distinoti lines of palraontolog^cal evidence, committed the mistake of doing violence 
to fact. It need hardly be said that fact has proved the stronger: the facts on 
both sides remain fast, while only the preconception has to make way for a £aot 
of a higher order. Dr. Feistmantel established to the satisfaction of competent 
judges that the Damuda (including the Talchir) flora is distinctively mesoaoic: and 
the compromise with which be supposed the controversy would be closed^ was, 
the provisional identification of the Bacchns-Marsh gladial boulder bed of Victoria 
(which he had fairly identified with the Talchir boulder bed of India) with the 
Haukesbury horizon of the Now South Wales sequence, thus putting out of 
court the obnoxious intorstratification, which occurs well below the Haukesbury 
beds. But now comes the announcement of *the identification of the Talchira with 
a well-established carboniferous glacial boulder bed within the borders of India 
itself. Of course it is so far open to deny the identification, and to assume two 
widely distinct glacial periods in the Indian region, for the Salt-range is several 
hundred miles distant from the nuai'est known appearance of Talchirs, and no fossils 
common to both have been found. This stand would probably be made but for 
the strange coincidence that the b.«me view has arisen contemporaneously from a 
wholly independent quarter. 

During the past suinmor Mr, R. D. Oldham look privilege leave for a trip to 
Australia and obtained two mouths’ extension on duty, to enable him to see some¬ 
thing of the Gonilwana rock.s of that region. The result of his observations is 
published in the current number of ihc Records. His jiapcr reached mo within 
the Bprae week as Dr. Waagen's, each writer being wholly unaware of what the 
other was about. The cuhe is statoil very clearly, and it is a strong one, and far 
more nalural-like than the comproniiso proposed by Dr. Feistmantel, Mr. 
Oldham of course realfirms the distinct intcrbtrntification of the Newcastle and 
Stony Creek coal-beds of Oondwana affihities, with the marina palooozoics, a point 
that no observer has questioned. But with and beneath these he calls attention 
to glacial boulder deposits that represent the similar beds of Baocbns.Marsh far 
more adequately than does anything of that kind found in tho Haukesbury beds. 
This is of course a point for Australian geologists to work out. Meanwhile tho 
verisimilitude of tho combined evidence would seem conclnsivo in favour of the 
original view of the palaeozoic ago of the lower Gondwana deposits, as continu¬ 
ously contended for by Dr. Blanford, who made the original descriptions of tho 
lower Gondwana groups from his surveys of the Eaniganj and Talchir coal-fields. 
The general interest of this determination is very great: it would be, so fiir as T 
know, the first clear and broad case to confirm tho assertion made twenty-five yeara 
ago by Professor Huxley when introducing the term ‘ homotaxis’', for it shows 
tlmt a full-blown mesozoio flora in one region of the earth was contemporaneous 
with a full-blown palsaozoio flora in another region. It is tho point for which Dr. 
Blanford made 6nt so good a case in his address to the Geological Section of the 
British Asociation at Montreal in 1884; but it is a great step from argument to con¬ 
clusive proof. Had the workers on both sides duly profited by Professor Huxley’s 
warning, the preconceptions that have so distracted our understanding should not 
* * Fftl. Ind., Oondwana Flora, vol. Ilf, part 2, pp, 130-32, 
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liave arisen. There is however no occasion to discredit palieo*botanical evidenee j 
it bears a full share of credit in the result that has been attained. 

In developing the inferences to be drawn from the correlation- of the Talchir 
with the Salt-range boulder beds, Dr. Waagen has overlooked the fact that 3fr. 
Oldham gave a yerg circumstantial discussion of what is substantially the same 
problem in his paper published in the Journal of the Asiatic Society of Bengal 
for 1884 (duly noticed in my last Annual Report) on the Talchir glacial period 
as embracing Australia and South Africa. Mr. Oldham has now himself brought 
the best evidence for the small correction in time that makes the two positions 
identical. In connection with these speculations I would venture with diffidence 
to mention a possible objection that has occurred to me regarding the great liberty 
taken in raising and sinking continents at discretion. The argutnent upon which 
these performances depend requires in some form the doctrine of specific centres ; 
has that survival of old times been duly modified in accordance with principles 
now accepted ? Can it with any plausibility be asserted that under similar trains 
of conditions, su’ch as may reasonably be supposed to have occurred in distantly 
separated parts of the earth, forma within the loose limits of specific identity 
might not arise from wholly distinct stocks P The dogma of biogenesis is 
similarly implicatod as an occult influence in such questions, its operation being 
inscrutable; so far its appropriate service {qna dogma) has been as a fresh quick¬ 
sand for discomfited theologians to build castles upon. 

The work in Chhattisgarh includes two distinct geological areas; the Vindhyan 


Chhattiboabh. 

J>r. 


basin of the upper Mahanadi, and the chain of Gondwana 
rocks, with coal measures, passing along its north-east 
border from Sambulpur into connection with the Rewah 


basin. ■ Cursory traverses of this ground were made some time ago by Mr. 
Blanford, Mr. Ball, and myself; and a portion of the coal-fields was mapped by 
Mr. Ball. The Vindhyans are for the most part quite flat, forming the open 


plains of Chhattisgarh; but along the west boundary there is some obscurity 
regarding their relation to the rocks forming the Saletekri hills. When I tra¬ 
versed these rocks in 1866, it seemed to me that the Vindhyans of the plains 


partook in the disturbance and were at least partly represented in the hill rocks 
in the Chilpi Ghat section, and that all the I’ocks there were of the same family, 
in the same way os occurs among the Vindhyan groups of the Eamul-Kadapah 
basin. The progress made in this investigation is well elucidated in Dr. King’s 
report, pubUshed (with a map) in the Records for last November. 

Among the Gondwana rocks, Dr. King was chiefly engaged in directing the 
practical exploration of the Rampur coal-field, whi^h is the southern' portion of 
the Raigarh and Hingir basin formerly surveyed by Mr. Ball (in 1876). This 
ground was selected as being nearest to the proposed line of railway. The sites 
for borings selected by Dr. King were well placed, for the .cod was struck as 
expected, but unfortunately its quality haq fitoved uniformly bad. ’ Samples taken 
at every foot of eadh seam were carefully assayed in the Survey laboratory, but 
the proportion of ash in the samples ringed from 27 to 44 percent., 23per 
cent, being the lowest amount in any partial sample. Mr. Stewart, the- Assist¬ 
ant Mining Engineer in immediate charge of the borings, has had much experi- 
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enoe in the woric, fomwlj in the Satpnra basin and lately under Mr. Miiig^QS ,in 
South Bewa; so there is ererj ground for ooufidenoefin the care ezei^'s^' ^he 
same disappointing results hare eontmued up to date; so Dr. Sing is arran^g 
to move the boring operations to a near field, though unavoidably less favourably 
placed with reference to the line of railway as now projected. 

Dr. King reports with satisfaction of the work done by Sub'Assistant £014 
Lai in tracing simple boundaries. 

Mr. Bose made a wide traverse of the Vindhyans to the south and south-west. 

The defects brought to notice by hia provious season’s 
work are hot such as can be quickly rectified; he stiU 
displays a very inadequate conception of the detailed study of rocks in the field. 
He is now working under the immediate direction of Dr. King. 

During the season 1884-85, Mr. Foote was able to take up his survey in the 
Bellary District, from which ho had been called away in the 
■ previous season to search for coal in the gneiss of Hyder-‘ 
abad. The Sandur hills, to the west of Bellary, were the 
principal object of investigation; they are formed by one of the bands of transition 
rocks that traverse the peninsula more or less continuously with a north-north* 
westerly trend, and are all remnants of a once wide-spread 'formation which Mr, 
Foote now unites and distinguishes as the Dharwar series, as shown to be un> 
conformable to the gneiss, with which it has been intimately associatad by com¬ 
plete folding together. In the Sandur hills they contain masses of rich haema¬ 
tite. 

Foote made a careful examination of the well-known diamond field at 
Wadjra Karur to which special interest has lately been 
Wad^ra diamond g^ttractied on account of the mining operations started 

there by Messrs. Orr & Sons of Madras. The mother- 
rook of the diamond has of course been an object of special search, but hitherto 
without avail in India, for in the oldest rocSs in which this gem is found, the ' 
gravel-stones at the base of the npper-Yindhyans, it is only a transported pebble 
like the rest of its associates. It seemod as if at last the original matrix had been 
found at Wadjra Karur in a ‘ pipe ’ or^neck ’ of a peculiar tuff-like trappean 
rock observed there by an explorer from South Africa, who declared this rock 
to be identical with the famous diamond matrix of Kimberley. • It was upon 
this very tempting inducement that the works in question were started ; but 
as yet no speck of the gem has rewarded the endeavour. Mr. Foote says that 
the rook is quite unique in his extensive experience in South India, and is 
completely isolated in the surrounding epidotic granite gpieiss. The position ia 
within a. few miles to the west of the Kadapa-Karnui Yindhyan ^asin in whjudr 
diamonds are extracted from the Banaganpilly sandstone, and Mr. Foote sought 
diligently for any outlying remnant of that rock in the neighbourhood of Wadjra 
Karur, but there certainly is none no^, recognisable, though of course this woi^d 
not preclude such on origin for the local debris. It is difficult however to 
relinquish Impe in the otherwise extraordinary <»inoidenoe of the odoulffenQe of 
so peculiar a rook where diamonds have certainly been found in oonsiderable 
number and of unusual siao. 
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In ilie Bellary district Mr. b'oote wns within visiting raach of the Billa Sargani 

The Caves caves in Karniil where his son, Lieutenant Foote, R.A., 

was caiTj'ing on explorations under his direction. At 
the close of the season the spoils were taken to Madras and carefully sorted—a 
work of no small lubmir seeing that the registered specimens amounted to some 
4,700. A notice of the excavations made, with an abstract of the results, was 
published in the llecords for November last. The exploration was extensive and 
thorough, and it must bo said that the expectations, which chiefly related to pre. 
historic human I’cmaius, have been so far disappointed. The collections have now 
been despatched to Mr. Ljdukker for examination, and for dcscrijdiou so far as 
may be desirable. Further exploration may fairly bo postponed till the result is 
known. A reason for this partial failure may perhaps be suggested in the fact that 
these caves seem to be and to have always been dripping and even water-channels 
in the wet season, whereas it is only in caves suited for shelter and oven residence 
that more perfect I'emnins of man or other animals may be expected to occur. 

Mr. Uackel retunied from furlough towards the end of November 1884, and 
got into camp at Falampur on the 5th December. Ho 
' Mr Haeket covci'cd a largo area (some 3,000 square miles) of new 

ground in Afeywar, in continuation of his previous work 
to the north. It is entirely comjwscd of the same obscure rocks—the schists, 
limestones and qnartsites of the Arvali system in transitional relation with gneiss 
and granite masses. Alount Abu is a mass of coarse highly felspathic gneiss. It 
will need much time and labour to unnvvcl the nonnal sequence of these very 
intricate formations. ** 

Mr. OriesDOch contributed to the February nunilwr of the Rccoids a small 
Q . ^ ^ instalment of his observations with the Afghan Boundary 

Commission. Q’he southern route taken to Hemt crossed 


lUjroTANA: 
ilfr. Haeket, 


Mr. Oiiesbaeh. 


the continuations of the tei’tiaiy and cretaceous formations previously described 
by him at and west of Kandahar (Memoira, XVIII, 1), the hippuritic limestone 
being very prominent, with copious intrusions of basic trap and syenitic granite. 
In the axial range of the Siah Koh and Doshakh south of the Herat valley, 
palsBoeoic rocks make their first appea^nce, as represented by a carboniferous 
Prodnctus-limestone, di})ping northwards towards the Hari Rud valley. The 
Paropamisus range, north of the valley, seems to be largely made up of a great 
plant-bearing series which Air. Gricsbach provisionally parallels with the Indian 
Gondwana system, conjecturing that it overlies the carboniferous Productus-lime- 
Btone. In notes of a year's later date, in the cumnt number of the Records, 
Mr. Griesbach adheres to this general rock sequence, and describes its distribution 
in the Binalat and other ranges of eastern Khorasan. 

The result of Mr. Oldham's observations in the Andamans is published with a 


Thb Akdamans ! 
Mr. Oldham, 


map in the Records for last August. It gives the classi¬ 
fication and distribi^tion of the rocks so far as he was able 
to see them, with a digest of all previous explorations. The 


opportunity afforded by the Topographical Survey operations can only be said to 
have been bettor than nothing; w hen every move could only be as suited a totally 


different object, there vras no possibility of continuous geological observations 
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Kobiu-Easi' Fbontixb: 
JUr. LaToucke, 


During 6he current season Mr. Oldham is making a tour through the geologtcali/ 
unexplored desert region of north.western Bajputana, and will resume his Hhnar 
lajan work in the spring. In a letter just received from hin?, dated the 28th Jaan" 
ary, he makes an announcement of great interest relating to the discussions'no* 
tioed above. Eeferiing to the boulder beds of Lowo mentioned by Mr. Blanfcwd 
in his paper on the Indian Desert between Sind and Bajputana (Records, vol. 
X, p. 16), Mr. Oldham finds them spreading * yer a large area, and says*—“ they 
ara certainly post-Vindbyan and at the base of the series which runs up into the 
jurassics, so can hardly but bo Talcbir. 

Mr. LaTouebe was again (at my request) diverted from his appointed work in 
the Garo Hills to take advantage of the topographical ex. 
ploration party to the head waters of the Dohing on the 
extreme east frontier of Assam. As everywhere in that 
region, the conditions are very unfavourable for geological observations, on account 
of the dense vegetation. It lias however been ascertained that the whole upper 
valley uf the Dcbing is orcupied by tertiary deposits, chiefly sandstones, while 
the actual crest of the ridges to north and east are of crystalline rocks; whether 
any small outcTop of older strata intervened, could not bo made out. By an uur 
fortunate error of judgment wo have been deprived of what might have more 
than compensated for the interruption of our regular work: a small detachment 
of the party crossed the watershed, and made some days’ march to the north-west 
branch uf the Irawadi; tho two oflicers who wont on this trip were in the same 
line of work, and the only man of the party whose eyes were something more than 
optical instruments was l(‘ft behind. It would be mdre to the credit of the service 
and for the public advantage if on such occasions petty considerations of senior, 
ity were laid aside. 

Mr. Junes did a goud season’s work in mapping the whole area hitherto known 
Tub Pbnch Coal- Bench coal-field and for some distance to the west 

rixLn. in tlio direction of tlie Shahpur coal-field on the same 

Mr JoHet. (south) side of the Satpura Gondwana basin. He has 

added several new outcrops of coal to those marked many years ago by Mr. Blan- 
ford and Major Ash burner. There seemed at first an intention on the part of 
the Chief Commissioner of the Central Provinces to take advantage of Mr. Junes’ 
presence to have the measui’es tested by trial borings, but the old difliculty re. 
garding this field has again prevailed; it is too remote and inaccessible for a 
special coal line in either direction to be remunerative, aud the authorities consider 
that as a through-line it would not lead to any important trafilo. 

The earthquake in Kashmir occurred just at the close of the field season and 
Mr. Jones was deputed to report upon it. The same 
cause that made it so disastrous in respect of loss of life— 
the mode of construction of the native houses, whereby the 
heavy earthen roofs simply collapsed between the crumbling walls—left little oppor- 
tunity for critical observation of direction. Mr. Jones’ report, in the Records 
for November, seems to make the most of what facts he could ooliect. It wai^ 
especially,unfortunate that Sir Oliver St. John was laid up with illness dating the 
time of Mr. Jones’ visit, thus depriving him of invaluable as.sistanco in gaining 
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information. Sir Oliver considers that the distiibution of maximutn min wonld 
indicate for the focus a position more to the north*weilt than that assigned bjr 
Mr. Jones. 


Daring last season Mr. Middlemiss had the north-west Himalaya all to him- 
Thr Ki 7 >ii. 0 N Hiva- very near making another distingnished 

lATA; mark in the year’s calendar by an important find of 

Mr. Middlemist. fossils. Even more than peninsular India, the Lower 
Himalayan region has ever been a perplexity to ns for want of fossil guidance. 
The few obscure fossils found by myself in 1861 in the 1’al river section, at the east 
end of the Dehra Dun, have remained ever since the only known organic remains 
older than nuhimulitic south of the snowy range, although'repeated search has 
been made by expert geologists and others. Some miles to the east of the 
Tal, but in the same set of beds, Mr. Middlemiss collected a more numerous 
and somewhat better set of fossils, and with laudable enthusiasm he made 


an attempt to .recognise their facies and to assign a horizon for them, as was 
announced in the Records for May last.* When brought down to Calcutta we 
were unable to confirm the opinion passed upon them, and as we are most 
unfortunately at present without a palaeontologist, the whole were sent to 
Ur. Waagen with much hope that he would give us a cine. In this we were 
disappointed; even this high authority can only say of them that the facies seems 
rather mcsozoic than palaeozoic, thus at least partially confirming Mr. Middlemiss’ 
diagnosis. The prospect has however been brightened by this discovery; Mr. 
Middlemiss has traced these beds over a considerable area in Kumaun and they 
must era long yield something intelligible. ' 

In a letter (dated 28th January) just received from Mr. Middfemiss he 
announces an important correction in the position ho had assigned for these 
fossiliforous beds of the Tal. In the sections described by him in May last the 
fossiliferous group seemed to underlie the massive limestone of the overhanging 
ridge. He has recently found clear sections in the gorge of the Ganges showing 
that the normal position of the Tal group is above the massive limestone, and 
there next below the nummnlitic band. 


The Bengal earthquake also happened conveniently during the recess from 
Thb Brn'Oai. Eahth- work, and Mr, Middlemiss was entrusted with the 

investigation. Ho was fortunate in securing tolerably 
good observations in positions favourable for ascertaining the focus of the shock. 

Ptiblications.-^Two Memoirs were published during the year, being Mr. 
Hughes’ report on the southern coal-fields of the ^ewah Gondwana basin, with 
a large map of this very extensive area, and several small maps of some special 
<'oal-fields, forming part 3 of volume XXI; and part 4 of the same volume, being 
Mr. Mallet’s description of the volcanoes of Barren Island and Narcondam. 

The Records for the year, being volume XVIIT of Bie series, contain twenty- 
nine articles of various interest on current v/ork relating to the geology offindia. 

Although we are still deprived of the services of a palaeontologist in Indiei 
whereby much inconvenience and delay has been caused both in our field work 
and in the museum, the publication of the Paloeontologia Indica has.jmude fair 
progress during the year, thanks to the special arrangements made for this most 
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important work, and to the generous co-operation of paUeontologista. Of sariw 
Xiy, fasoicnlns 5 of part 3, describing the fossil Echinoidea from the Gi&j 
or miocene series of Sind, was brought out during the year by Professor Martin 
Duncan and Mr. Percy Sladen. The concluding part of this volume is now in 
the press. 

Of Dr. Waageu’s work on tho Salt-range fossils there were issued fasciculus 
6 of part 4, concluding the Brochiopodn, and part 6, containing the Bryozoa, 
Annelida and Bchinodonnata of the Productus-limcstone series. Tho plates and 
manuscript for the concluding part of the Productus-limestone series are well 
advanced ; and Ur. Waagen infonns me that good work has been done in prepar¬ 
ing the material for the second division of the Salt-range fossils series—the 
Ceratite beds. 

Mr. Lydekkcr ban been very diligent with his division of onr work. Of series 
XV, Indian Pretertiury Vertebrata, lie brought out during tho j’car part 4, on tho 
Labynnthodont, from the Bijoii gioup ; .and part 5, the Reptilia and Amphibia 
of the Maleri and Denwa groups, conclujling volume I of this series; also part 6, 
the Siwalik and Tfariuda Chelonia, of series X, devoted to Indian Tertiary and 
Post-tertiary Vertebrata. Ho has a troublesome job before him in the numerou^ 
collections of bono fragments from the Karnul caves ; but a very large pisiportiou 
of them are probably unfit for specific or e\en generic identification, Mr. Pooto 
seems to have been so ultra-scrupulous in preserving eveiy fragment that turned up. 

Museum .—The collections are steadily increasing in value by the return of the 
typo specimens described in the Palieontologia. Mr. Blyth has amply justified 
the ap^iointmeut of a museum assistant; with this help it has been possible to get 
all the colRsctions into something liko thorough order. He has also been very 
useful to Mr. Mallet in tho laboratory. Contributions to the musoiim ai-e notified 
quarterly in tlio Records. Mr. Wood-]Mason has recently presented somo interest¬ 
ing fossils coUcclod by himself in the Raiiiganj coal-measures and described by 
Ur. Feistmantcl in the Journal of tho Asiatio Society of Bengal. 

Librai y .—There were 1,762 volumes or parts of volumes added to the library 
during the year; 978 by presentation and 784 by purchase. 

Personnel. —Mr. Hughes was throughout tlie ^ear on detached duty, in charge 
of the new collieiy operations at IJmaria, Mr. Peddon was absent on furlough 
for the whole year. Sub-Assistant Kishen Siiigli also took fuilough for a year. 
The failure of our permanent palfeontologist, as above mentiond, was owing to Dr. 
P’iestmantel having accepted a professorship at Prague and resigned bis appoint¬ 
ment on the Indian Survey at the termination of his two years’ furlough. We are 
at least fortunate in tho period at which this disappointment has occurred; in his 
three volumes on the Gondwana Flora he has cleared up many difficuities connected 
with the principal rock system of India, and given ua a standard for future work 
in that branch of paloeontology* 


Calcutta, 

<f> 

BUt January 1886. 


‘ H. B. MEDLIOOTT, 

Dindor of the Geological Survey of India, 
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List oj Soeietiee and other Institutions from which Publications have been received 
in donation or exchange for the Library of the Geological Survey of India, 
during the year 1885. 


Batavia.- 

Belfast.- 

Berlin.- 

99 

Boloqna.- 

Bombat.- 

99 

Boston.- 


99 

Breblau.- 

SltlSBANB.- 

Bristol.- 

99 

Brussels.' 


)9 

Budavbst. 


Buenos Aires. 
Calcutta. 

99 

99 

99 


Gambridqe.- 

99 

Gaubridqe, Mass.- 
Ghrxstiania.- 


Ginoinnati.* 

COPENHAOBN.- 

Davenport-.- 

Delpt.- 

Denvbr.- 

Dresden.- 

Dublin.- 

Bdinburon.- 


—Batavian Society of Arts and Sciences. 

Natural History and Philosophical Society. 

—German Geological Society. 

Royal Prussian Academy of Science. 

—Academy of Sciences. 

—Bombay Branch, Boyal Asiatic Society. 

Meteorological Department. 

—American Academy of Arts and Sciences. 

Society of Natural History. 

State Library of Massachusetts. 

—Silesian Society. 

—Royal Society of Queensland. 

—Bristol Museum and Library. 

Bristol Naturalists’ Society. 

—Royal Academy of Belgium. 

Royal Geographical Society of Belgium, 

Royal Malacological Society of Belgium. 

Royal Natural History Museum of Belgium. 

—Hungarian Geological Society. 

Hungarian National Museum. 

Royal Geological Institute, Hungary. 

—National Academy of Sciences, Gordoba. 

—^Agricultural and Horticultural Society. 

Asiatic Society of Bengal. 

Meteorological Department, Government of India. 
Presidency Gollege. 

Survey of India. 

The Galcntta University. 

-Cambridge University. 

Philosophical Society. 

-Museum of Compai'ativo Zoology. 

—Editorial Committee, Norwegian North Atlantic Expe¬ 
dition. 

Norwegische Comm. dei>^ EuropMischen Gradmessong. 
-Society of Natural History. 

-Royal Danish Academy. 

-Academy of Natural Sciences. 

-Polytechnic School. 

-Colorado Scienti^c Society. 

-Isis Society. 

-Royal Dublin Society. 

-Geological Society. 
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Edikbuboh.—R oyal Soottiah Society of Arts. 

„ Scottish Geographical Society. 

Gbxsvi.—P hysical and Natnral History Society. 

GiiASOOw -Geological Society. 

Glasgow University. 

Philosophical Society. 

GoriiNOJSN. -Royal Society. 

Halle. Leopoldino Academy. 

„ Natural History Society. 

Hamiltok, Canada.-— The Hamilton Association. 

HARtusBUBO.—Second Geological Survey of Pennsylvania. 

Hobart. —Royal Society of Tasmania. 

Koniosberq —Physikalisch-Okunomische Gesellsohaft, 

Lausanne. -Vaudois Society of Natural Sciences. 

Lu^oe. -Geological Society of Belgium. 

■ Lisbon. -Geological Survey of Portugal. 

Liverpool. -Geological Society. 

Literary and Philosophical Society, 
liONDON.—British Museum. 

Geological Society. 

Iron and Steel lustitute. 

Linnean Socfety. 

Royal Asiatic Society of Great Britain end Ireland. 

Royal Geographical Society. 

Royal Institute of Gi'eat Britain. 

Royal Society. 

Society of Arts. ^ 

The Editor of tho “Journal of Science.” 

Zoological Society. * 

Madras. —Agricultural Department. 

Madras Observatory. 

Meteorological Department. 

Madrid. -Geographical Society. 

Manchester. -Geological Society. 

Melbourne. -Department of Mines and Water-supply, Victoria. 

„ Royal Society of Victoria. 

Milan. -Royal Institute of Science, Lombardy. 

Minneapolis. Minnesota Academy of Natural Science. 

Montreal. -Geological and Natnral History Survey of Canada. 
Moscow. -Imperial Society of Naturalists. 

Munich. -Royal Bavarian Academy. 

Neucbatel. -Society of Natural Sciences. 

NswoASTLE-oN’Ttne. -North of England Insti^te of Mining and Meohanioal 

Engineers. , 

"Stjn Haven. —Connecticut Academy of AHs and Sciences. 

The Editors of the “ American Journal of Science.” 
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Paris. —Geographical Society. 

„ Geological Society of France. 

„ Mining Department. 

Pknzance. —Royal Geological Society of Cornwall. 

PniLADEriPHiA.—Academy of fTatural Sciences. 

„ American Philosophical Society. 

„ Franklin Institute. 

Pisa. —Society of Natural Sciences, Tuscany. 

Rio db Janbiro.— School of Mines. 

Rome. —Royal Geological Commission of Italy. 

Roorkeb. —Tliomrason College of Civil Kngiueering. 

Sacramenio. —California State Mining Bureau. 

St. Pbtbbsburo. —Geological Commission of the Russian Empire, 

„ Imperial Academy of Sciences. 

Saleh, Mass, —^Ameiican Association for the Advancement of Science. 

„ Essex Institute. 

„ Peabody Academy. 

San Francisco. —California Academy of Sciences. 

Shanohai. —North China Branch, Royal Asiatic Society. 

SiNOAPOBB.—Straits Branch, Royal A.siatic Society. 

Stockholm. —Geological Survey of Sweden. 

„ Royal Swedish Academy. 

Strasburq.— Royal University. 

Sydney. —Australian Museum. 

„ Department of Mines, New South Wales. 

„ Royal Society of New South Wales. 

•Tokio. —Seismological Society of Japan. 

Toronto. —Canadian Institute. 

Tdrin.—R oyal Academy of Sciences. 

ViBNNA, —Imperial Academy of Sciences. 

,, Imperial Geological Institute. 

Washington. —Commissioner of Agriculture. 

„ Department of the Interior, 

„ National Academy of Sciences. 

„ Smithsonian Institute. 

„ United States Geological Survey. 

Wellington.— Geological Survey of New Zealand, 

,j New Zealand Institute. 

Yokohama. —Asiatic Society of Japan. 

„ German Naturalists’ Society. 

York. —^Yorkshire Philosophical Society. 

ZtlRiCH.—Natural History Sreiety, 

The Secretary of State for Injlia. 

The Governments of Bengal, Bombay, Madras, North-Western Provinoai and 
Oudh, and the Punjab. . , 

Chief Commissioners of Assam, British Burma, and Central Provinces. 
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The Commusioner of Northern India Salt ReTenne. 

The Resident at Hyderabad. . 

The Superintendent of Government Printing, India. 

Departments of Finance and Commtrco, Foreign, Home, and Revenue and 
Agriculture. 


Report on the International Geological Congress of Berlin hy 
W. T, B1.AN10RJD, LL.D., F.B.S. 

The third Interaational Geological Congress, postponed in 1884 on account of 
the prevalonre of cholera m Southern Muropc, has now been held in Berlin in the 
week commencing on the 27th September last. Acting upon instructions received 
from the Government, at the desire of the Diiector of the Geological Siir> 
vey of India, I attended this congress, like that of Bologna in 1881, as the 
representative of the Indian Geological Survey. The folio wmg brief account of 
the proceedings and results of the Berlin Congress is similar to that which I wrote 
on the previous occasion, and which was published in the Records of the GeolOjgi^ 
cal Suivey of India for 1882, Vol. XV, page 64. 

The meeting at Berlin was held in the Ilcu hstagsgehande (House of the Im* 
penal Parliament), in the hall in which the Gorman House of Representatives 
meet. Council and committee meetings 'neie m adjoining rooms. A collection 
of maps and geological specimens, many of which were of great interest, was 
exhibi'cd at the Bergakadcmie (Mining School). 

The attendance of geologists was consideiably larger than at Bologna,^ 
amounting altogether to 255, of whom 163 came from Germany, 16 from Austria- 
Hungary, 18 fioni Italy, 11 from Great Britain, 10 from France, 9 from the 
United States, 6 from Russia, the same number from Belgium, and smaller 
numlxirs from other countries. Asia was^ioprcscnted by ono member from 
Japan and one from India. Amongst those T\ho wcie present were nearly all 
the principal geologists of Geimany, and the representation of other countries 
was both large and important. 

The arrangements as to the Bureau (council or general committee) and the 
selection of vice-presidents, secietiuies, &c., were similar to those of Bologna. 
The president was Professor E. Bejricli, and the gemral secretary, Mr. W. 
Hauchecome. These two geologists, it may be mentioned, are the directors of 
the new geological map of Euinipo, by far the greater share of the work upon 
which has been undertaken by them. The hdnoraty pi*csidcn*, Professor H. 
von Deohen of Bonn, who attended the meeting* througliout, liolongs to the 
generation of geologists who were contemporaries with Lyell and Murchison.* It 
would be difficult to name any one more generally, respected throughout the 
scientific world. Professor G. Capellini, the able president of the Bologna Con¬ 
gress, also attended the meetmg 

• 

^ The number Rctunllj present nt Bologna was 226, ot whom 150 were from Italy. 

* His eleftioii foreign member of the Geological Society of London dated from 1827, or 24 
years before the date of eleodou of any other fordgii member non living. 



[roL. XIX. 


11 * Records of Iks Geological Surveg of India, 

In one important point the taat congress differed from that which preceded 
it. The whole of the time at -Bologna was devoted to the discussion of questions 
relating to nomenclature, geological and palmontological, or to map colouration. 
At Berlin only a portion of each sitting was occupied with similar discussions, the 
remainder being reserved for papers on various geological subjects and contri¬ 
buted by writers from several different countries. These papers will, it is under¬ 
stood, be published in the volume containing the results of the meeting. It 
is a question whether several of these papers—perhaps the majority—were not 
better adapted for meetings of scientific societies than for presentation to a body of 
geologists drawn from various nations. Home, indeed, irrespective of the subjects 
treated,.were scarcely of sufficient importance to deserve international attention. 
On the other hand, the time devoted in the discussion of questions of the highest 
importance was utterly insufficient, and such matters as the classification of tertiary 
rocks and even the number of tertiary systems were not considered at all. 

Arrangements at close of Bologna Congress. —In order to understand the pro¬ 
ceedings at Berlin, it is necessaiy to refe" to the arrangements made at the close 
of the Bologna meeting. The principal objects of that congress were to agree 
,nnnn a system of geological nomonchature, to define a scale of colours for geological 
maps, and to forrauhi-to laws for the regulation of palroontological nomenclatiiro. 
All of these projects were partially carried out. The terms to be applied to the 
principal kinds of divisions under which it was proposed to classify sedimentary 
rocks wore noted, and designations approved for the corresponding divisions of 
geological time. The colour's for tertiary, cretaceous, jurassic and triassic beds, 
and for crystalline schists, were accepted, those for palsoozoic systems being referred 
to a committee appointed to arrange for the publication of a geological map of 
Europe. Some simple rules for palroontological nomenclature were also discussed 
and approved by a majority. 

In addition to the progress made in coming to au agreement upon the various 
propositions laid before the congress, it was resolved to appoint a committee for 
the preparation and publication of a geological map of Europe on the scale of 
1: 1,500,000 (23‘67 miles to an inch), and to this committee wore referred for 
farther consideration various details connected with colouration, such as the tints 
to be adopted for palaeozoic rocks, as already mentioned. Another and larger 
committee was appointed to cai-ry on further the attempt at rendering geological 
nomenclature uniform. 

Jntermtional committee meetings in 1882 and 1883. —Meetings of both these 
committees were held simultaneously at Poix r^onthern Prance) in September 
1882, and at Zurich, in Switzerland, in August 1883. Both meetings were very 
fairly attended, and I was able to be present on both occasions. The proceedUngs 
at Poix were for the most part preliminary, and it was chiefly at Zurich that the 
actual discussion on nomenclature took place. 

Meantime considerable progress was jnade with the topography of the new 
geological map of Europe, and a complete scheme of geological colours was pro¬ 
posed at Poix. It will ^ necessary to revert to this subject because several of the 
decisions of the congress at- Berlin refer to this map, and consequen^y have not 
the same scope as the decisions of the Bologna meeting. 
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Tbe most important question in geological classifioationt*^—more importat^t^tiban 
the definition of such terms as group, system, era, period, dbc.,—is the formation of 
a geological time scale, by which to compare the sedimentary formations of differ- 
ent countries. Up to a certain point there is a fairly general agreement. K^rly 
all geologists consent to a sub-division of sedimentary rocks into palesosoio, 
mesozoic, and csenozoic or tertiary; and several of the systems and even the. 
series into which each of these groups is divided are also generally recognized;. 
but there are some sub-divisions, such as the so-called Quaternary, the, Permian 
and Bhtetio, the rank or the affinities of which, or both, are far from being defi¬ 
nitely fixed. 

The discussion at Zurich was chiefly directed to the determination of the sys¬ 
tems into which the greater groups should be divided. The divisions proposed 
at Foix for the map of Europe by a committee of German and Austrian geolo¬ 
gists^ assembled for the purpose were the following ;— 

1. QtieiBS and Protogine. 

* 2. Crystalline Schists. • 

3. Fhyllites (azoic slates, &c.). 

4. Cambrian. 

6. Lower Silurian. 

6. Upper Silurian. 

7. Lower Devonian. 

8. Middle Devonian. 

9. Upper Devonian. 

10. Lower Carboniferous (.uountun limestone, &c.). 

11. Upper Carboniferous (coal-measures, millstoue-grit, &c.). 

12. liower Permian (Bothlicgcndo’<). 

13. Upper Permian (Zeclistein, &c.). 

14. Lower Trias (Bunter). 

15. Middle Trias (Muscbelkalk). 

16. Upper Trias (Kcuper). * 

16t. UbsBtic (provitionally). ^ 

. 17. Lower Jurassic (Dias). 

18. Middle Jurassic (Dogger, including the Callovian). 

19. Upper Jurassic (Malm with Tiihoniaii aud Purbeck). 

20. Lower Cretaceous. 

20L Gault {provisionally), 

21. Upper Cretaceous. 

22. Eocene. 

82t- Flysch {provisionally). 

23. Oligocene (with Aquitanian). 

24. Miocene. 

26. Pliocene. 

26. Diluvium (Pleistocene). 

27. Alluvium. 

Rheetic, Gault, and Flysch were merely inserted as provisional terms. 

Before the meeting o1 the committees at Zurich, a circular was sent by the 
president. Professor Capellini, pointing out that there were seven questions of 

* Including Professors Von Dechen, Oilmbel, Von Hauer, F. Boomer, and H. Crodner, besides 
Plofessbr Beyrkh and Mr. Hancliecorne. 
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particular interest requiring solution, in order that the geological classification to 
be employed in the map of Europe should be determined. These qurations 
were— 

1. Do you approve for the index to the map of Europe of the 27 stratigraphi- 

cal divisions mentioued on page 8 of the Hecord (conipte rendu) of the 
Foix proceedings, or do you wish for any modifications, and what are 
they P 

2. Are you of opinion that the Ithaitic should bo united to the Lias or to the 

Trias ? , • 

3. Should the Gault be joined to the lower or to the upper Cretaceous P 

4. Should the Flysch be united tc the Eocene or to the Oligocene ? 

5. The congress not having yet determined tlio conventional colours for 

paleeozuic periods, do you approve of the following proposed by the 
directors of the map P 

' Cambrian, reddish grey. 

Lower Silurian, dark sage-grceu^ (vert-soie). 

Upper Silurian, pale „ 

Lower Devonian, dark-greenish brown. ^ 

Middlo Devonian, medium „ 

Upper Devonian, pale „ 

Lower Carboniferous, bluish grey. 

Upper Carboniferous, grey. 

I^wcr Permian, burnt sicunii. 

Upper reruiiun, sepia. 

6 . Bo so good as to propose a term as the chronological equivalent of aseise, 

to represent from this point of view, divisions of the fifth order. 

7. Would you recommend that the terms group and series should be inter¬ 

changed, as was proposed at Foix; that divisions of the first older 
should be called series, and those of the third order groups ? 

To these questions replies wore sent by a few national committees. Questions 
2, 3, and 4 are really part of question 1, artd they were discussed at Zurich before 
the others. 

On the subject of the Rhtclic opinions were greatly divided. In Prance and 
England the Infra-lias, Avicula contorta or Penarth beds are so intimately con¬ 
nected with the Lias that for a long time they were classed (Is a part of it. In 
the Eastern Alps on the other hand, as in the Uimalayas, the Ehastic beds are 
much more developed and form the uppermost portion of the Triassic system. 
Lastly, in Fi'anconia the Rheetic beds are actually intercalated in the uppermost 
clays of the Keuper. A compromise was finally adopted for the map of Europe, 
the Rheetic being represented by coloured cross-lines applied'either to the Triassic 

or Jurassic colour, according to what was considered correct in different loq{dities. 

# 

1 Mr. Blsiiford did nofc translate vert-soie/ and 1 cannot find the term in any available 
authority, living or printed. Mr.T. Wardle, an expert in the technology both of coloUrannd of 
silk, baa given me * sage-green’ as the noarestfterm for the eiloriau colour in the 'Oammedee 
couleun’ issued by the international map committed, and this U. presumably the vset^oie of the 
text.— B.B.M. ^ 
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Tbe union of the Gault with the upper or the lower Cretaceous was also a 
matter on which there was much diversity of opinion. The majority were iu 
favour of dividing the cretaceous into three series, and of making the Gault and 
upper Greensand (Cenomanian) the middle division; but if this were found im¬ 
practicable in the case of tbe map of Europe, it was agreed though not without 
strong opposition to include the Gault in the lower Cretaceous. 

The Flysch, it was shown by several geologists, is not a distinct and definite 
sub-division, but a peculiar petrographical condil ion of beds that are of various 
ages, some being cretaceous. It was unanimously agreed to omit the nama from 
the map altogether. 

These preliminary questions having been settled, the remaining divisions to 
be adopted for the map of Europe were discussed, commencing with the lowest* 
and the following decisions were arrived at. 

It was agreed unanimously that the three lowest divisions should be ni^ited 
into a single system, to be termed Arclnean.^ It was urged that some other term 
than rhylhte's should be used for unaltered or slightly altered Pre-cambrian bedi. 

The union of Cambrian and Silurian into a single system with three sub¬ 
divisions was supported by 8 votes out of 10 who voted. 

The Devonian was recognised as a system divided into three series; it was 
however pointed out that this system is far inferior in development to the imitAd 
Cambrian and Silurian. 

On the question whether the Permian should remain a distinct system, or 
be classed as the uppermost senes of the Carboniferous, the votes were 
equally divided. It was however agreed that one sub-division sufliced for the 
Permian, the Zechstein being represented by a special marking on the Permian 
colour. 

The Trias was not discussed. It should however be mentioned that the old 
classification under which this sy.stom is divided into Buntor, Muscholkalk, and 
Keuper, is opposed by many geologists, who ftrge that the alpine sequence, com¬ 
posed entirely of marine beds, is more typical and affords better characters for com¬ 
parison than that of Central Germany, whore two of the sub-divisions, Buntor and 
Keuper, are nearly or entirely destitute of marine fossils, whilst the fauna of the 
Muschelkalk is peculiar and local. The alpine beds show that there is no distinc¬ 
tion between the faunas of thebeds repi-esenting Muschelkalk andBunter respect¬ 
ively comparable with the difference between these two lower marine sub-divi¬ 
sions, and that representing the Keuper, and consequently that a twofold and 
not a threefold division is indicated. 

After considerable discussion the limit between middle and lower ^Jurassic was 
drawn below the beds with Ammonites opalinus (upper Toarcian)and that between' 
upper and middle Jurassic at the base of the Callovian. 

This was practically the close of the session, the cretaceous sub-divisiona 
having been previously discussed. No attempt was made to enter upon the 
subject of tertiary systems. 

* At the B^Kn congreu, «• will be teen, the term group wae lubititnted (in this connection) 
for system. ^ 
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At a previous sittiog, however, the classification to be adopted for igneons 
rooks had been discussed at some length. The original proposal made at Foix by 
Professor Beyrich, one of the directors of the map, was to divide igneous rocks into 
five classes,—granitic, porphyritic, melaphyritic, trachytic, and basaltic.^ (There 
was a still earlier proposal by the Hungarian committee in 1881 to adopt five 
classes, but melaphyre and its allies were omitted and a separate group of modem 
volcanic rocks added.) At Zurich two proposals wore brought forward, one by the 
Swiss committee of nomenclature, the other by Professor Neuraayr, the Austrian 
member of the International Committee. The former pointed out that, as in 
Europe, 'theye were very few mesozoic eruptive rocks, * it was easy in a map of 
that continent to divide igneons formations in general into two groups, ancient and 
modem, and that each of these might be again divided into basic and acid. A 
fifth sub-division might be made for recent volcanic rocks, but this appeared of * 
more doubtful necessity. Professor Neumayr proposed seven sub-divisions, gra¬ 
nites and.diorites, porphyries and melaphyrs, trachytes and basalts, and serpen¬ 
tines. The directors of the map accepted tho principle of the Swiss Committee’s 
report, but with the addition of a special tint for ancient porphyries (felsite, &c.), 

' 'jut order to distinguish them from granite and its allies, and another as proposed 
by Professor Neumayr for serpentines. 

Another proposition brought forward by Professor Neumayr received general 
assent. This was a scheme for the preparation and publication, under the guid¬ 
ance of a Committee appointed by the congress, of a Nomenclator Palccoifdologicus, 
containing the names of all published species of fossil animals and plants with 
references. 

Tho questions 5, 6, and 7, previously mentioned, were not discussed at the 
Zurich meeting, nor brought before the congress at Berlin, but replies to some of 
them were sent in by some of the national com mitt^es. A few propositions were made 
with regard to the colours for palasqzoic rocks', but they appear hitherto to have led 
to no result. The -yrord phase was proposed by the Swiss committee and adopted by 
some others as the equivalent of the term assise.^ The employment of the word 
series instead of group for tho greater geological divisions (palaeozoic, &c.), and 
of gpronp instead of series for sub-divisions of systems, was considered desirable 
by several committees (French, Swiss, Spanish, Portuguese). One or two however 
were opposed to it, and from many no reply was received. It may be remarked 
here that the council at Berlin decidi d by a large majority not to reopen any 
question on which a decision had been taken at Bologna. 

Berlin Congress .—After the Zurich meeting of the International Committees 
very little was done for two years. At the !l^rlin meeting jf the Congress two 
printed reports were presented, one on the geological map of Europe, the other 
on nomenclature. 

1 This was virtually founded on the view generally held in Oermany thst there is a radical 
petrological distinction between ancient eruptive rocks to which the three first classes belong and 
later igneous formations. 

. * It need scarcely be remarked that tbe reverse is the case in India. 

* No good English equivalent has been suggested for this term. The propel^ to use ’beds * 
in English is not likely to meet with general acceptance. 
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The report on the geological map of Europe was drawn up bj Processor 
Benevier, Secretary to the Committee, and referred mainly to details of pn.bUca> 
tion, man^l^ment, &e. The only conclusions of general importance related to 
colouration and to the classification of rocks. The following is the clasaifioatioii 
that appears to have been adopted;— 


Sedimemtary /ormaticvr. 
Quaternary. 
^Pliocene, 
j Miooci 
I Oligocene 
V Eocene. 

( Upper Cretaceous 
I Lower „ 

f Upper Jurnssie. 

Middlp Turassie 
Lower Jnraseic, 
/Upper Triissic. 
.^Middle Tnwsic. 
(Lower Triabaic 
Peimian 

(Upper Carbouiterous. 
iLowcr » 

(Upper Devonian. 
■(Middle Devonian. 
(Lower Devouian. 
(Upppr Silurian. 

1 Lower Silurian. 
(Cambrian. 

/Azote Slates. 
x('i>iitallmc Schists. 
(.Gneiss. 


(Qault included). 


Eruptive formatioHt. 

Ornnilo, Syenite, dc. 

Poiphyiy 

Iraelijte, Plionolite, &c. 

Mclapliyre, Ac. 

Siu pcntine 

Basalt, Dolerite, &c. 

Secant iruptiona. 

The colours for palteozoic rocks proposed by the Committee, and adopted by 
the Congress, are grffy for Carbonifcrons and hioirn for Devonian, l^or Silnrian a ' 
dark green was used in the provisional scale of colonra employed in some preli* 
minary trials, but was found to be too nearly similar to the cretaceons colour 
The question of the colour to be used for Silurian, including Cambrian, was there¬ 
fore again referred to the map Commitie'*.^ 

* It may here be remarked that the adoption of violet ftr Trias after having heen proposed 
for Silurian by several national eommittees. and recommended in the printed reports of the Inter* 
national CommSAtee laid before the Bologna Congress, has apparently led to great dliBoulty in tho 
selectiou of a suitable colour for Silurian. 


B 



20 


BecortU of the Geological Survey of India. 


[voL. XIX. 


For the seven sub-divisions of igneous rocks seven tints of red from bright 
light-red to deep brownish-red were proposed. The brighter tints were reserved 
for acid rocks and recent eruptions, browner tints for basic rocks. 

Some minor questions of detail were also noticed. Thus it was proposed in 
cases where the system to which a rock belonged is known, but the sub-division is 
uncertain, to use the medium tint of the colour with the initial letter of the sys¬ 
tem by itself. When the sub-divisions are known, but the scale of the map is 
insufficient to represent them separately, the medium tint of the colour, it was 
suggested, might also be employed, but to the initial letter should be added the 
smaller letters or numbers indicating the difPerent divisions.^ Lastly, in case of 
beds of which the system itself is doubtful, the colour of the most probable period 
might be employed, with white spaces, and with the addition of a mark of ‘doubt 
to the letter representing the system. These points were left to the decision of 
the map Committee. 

It musj; be remembered that the conclusions accepted by the Congress so far 
relate solely to the map of Europe. For instance, no opinion whatever has been 
expressed as to the best classidcation of igneous rocks. The seven sub-divisions 
ittv-merely a compromise adopted for the map.® 

The report of the Committee for establishing uniformity of nomenclature was 
drawn up by the Seci'etary, Professor G. Dewalque. It commenced by recapitu. 
lating the decisions of the Bologna Congress,® then called attention to those para¬ 
graphs of the report^ presented to that Congress on which no vote was taken. The 
■ remainder of the report laid before the Berlin Congress was occupied by proposi¬ 
tions for the names to bo applied to systems and to their principal sub-divisions or 
series, and for the limits to be drawn in doubtful cases. 

The reports of the German, Belgium, Spanish, French, Hungarian, Portu¬ 
guese, Roumanian, and Swiss committees, were ap])ended. The very full reports 
of the English committees were pinntcd in English and distributed separately. 

So very little of the report was even discussed by the Congress, that it is un¬ 
necessary to translate any portion of it. The points on which conclusions were 
adopted were the following:— 

X,—After considerable discussion, it was agreed to class pre-cambrian rocks 
as a group and not as a system, and‘to use the term Archeoan for this 
group. A triple division, as already noticed, was adopted for the 
map, such division to be purely petrological and not to involve the 
idea of chronological succession. 

II.— The term Silurian or Siluric was adepted for the combined Cambrian and 
Silurian systems. The consideration of the sub-divisions to be intro¬ 
duced in this system was postponed. 

1 For the literal notation, see Bee. 0. S. I. xr, p. 74, Bnlo 7. 

* It has been repeatedly observed that it ir illogical to classify igneons formations by their 
petrological character, whilst in sedimentary rocks the geological age alone is regarded as a basis 
for classificaliou and lithological composition ignored. The classification lulopted for eruptive rocks 
is not likely to be generally accepted, and will certainly not be adopted by English geologists. 

* Rec. G. 8.1. XV, pp. 70.-71. f' 

* Ibid, p. 70. 
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in. —It was agreed to accept the terms Bhenan, Eifelian, and Taunnexuan, for 
^ower, middle, and upper Devonian series, respectively. 

IV. —The question whether Permian and Carboniferous should be united, into 

one system, produced by far the best debate in the Congress. The re¬ 
tention of two distinct systems was urged by some Gorman, English, 
and French geologists, but opposed by others ; whilst geologists from 
other parts of the world almost uni verally advocated the union of the 
two. The fact is that in Western Europe the Permian I’ocks are not 
only very distinct in lithological character, but they are in many 
places separated from the Carboniferous by well-marked unconformity 
Indeed in parts of Western Eui’ope, and especially in England, there 
appears both lithelogically and stratigraphically a closer connexion 
between Permian and Trias, the two forming together the New Red 
Sandstone of the earlier geologists, than between Permian and Car. 
boniferous. On the other hand, it was pointed out that the true Per¬ 
mian,' the Dyas of some geologists, is peculiar to Europe; that the 
marine fauna (Zochstein) is closely allied to Carboniferous, and has no 
claim to separation, some of the species and nearly all the genera beings 
found in true Carboniferous beds; that beds representing the Permian 
in other countries are merely, upper Carboniferous beds, ^ and that dis¬ 
tributions founded on lithology and unconformity are only of local value. 

The discussion was the more noteworthy because, instead of terminating 
by a vote, as was done in similar cases in Dologna, where some of the 
decisions were only carried by very narrow majorities, the meeting 
accepted the suggestion of Professor Neumayr and abstained from a 
division.* It is however probable that had a vote been taken, a large 
majority would have been in favour of tho union of the Permian with 
the Carboniferous. 

V. —It was agreed to divide the Triassic system into threo series, but the 

limits were not defined. 

VI.—The division of the Jurassic system into three scries was unanimously 
adopted. The question as to the limits to be assigned to the different 
series was postponed, and also the determination as to the affinities of 
Rhffltic beds. 

The remaining questions as to the divisions of the cretaceous system, the 
classification of tertiary systems, and the whole subject of igneous rocks, were 
practically left almost untouched. No attempt at any decision was made. 

* I pointed out in reference to this question, tho Bingnierly important evidence afforded by tlie 
strata of the Salt>range, where, as Or. Waugen has shown, the upper i’rodKe/tM.liniestone beds, 
although they contain far more Triassic genera than tho Permian of Europe, and although they 
yield Ammonites and CeraUtet, are intimately connected by identical species with tho middle and 
lower Carboniferous bods uodoriying them. Judging by their fauna, these Salt-range upper JPro- 
dueter-limestone beds are probably newer than the European Permian (Zeebsteiu), yet there ia no 
reason for olossing them in a system distinct from the Carboijferous. 

■ I pointed out^ Rec. O. & 1. xv, p. 66, the manifest objection to an attempt in a oongten, 
tbs majority of momben attending which bdong to one nation, to settle difficult and diepated 
questions by a vote. 
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The committees for the map and for geological nomextclatnre were re>appoint> 
ed. a yery few personal alterations being madej and it was arranged that meetingv 
should be held in the course of the next two years. 

It was determined that the next triennial congress be held in 1888 in Iion> 
don, and, so far as can be determined beforehand, between August 15th and Sep> 
tember 15th. A small committee of English members was nominated to cany out 
the necessary arrangements. 

In contrasting the two congresses that I haye attended the greatest difference 
is that, in that of Bologna, there was an endeavour made to settle difhcult qaes> 
tions by the vote of a majority, whereas this was no longer attempted at Berlin, 
t having been recognised by all that a congress is not a body qualified to remove 
international differences by voting. Irrespective too of the much smaller time 
given to discussions on such subjects as nomenclature, there was a great falling 
off in what may fairly be termed geological hobbies, such as the adoption of the 
solar spectrum as a basis for geological colouration, and a change, for the sake of 
uniformity, in thp terminations of nsmes^applied to systems, Ac. There was also 
much less talk, perhaps partly because Germans, thougb well acquainted with 
Frenc h, are less fluent in speaking it than Italians. On the whole the tendency 
appears to bo to substitute action for discussion, as is seen in committees for the map 
of Europe aud for a Nomenclator Palceontologicus having replaced those on map 
colouration and rules of paleontological nomenclature. The great importance of 
the congress is clearly due to the opportunity which it affords to the geologists of 
different countiios to meet and become acquainted with each other. 


N^ote on some Paloeossoio Fossils recently collected hy Dr. H. Warth in the Olive 

group of the' Salt-range, by W. Waagen, Pn.D., F.G.S. (With a plate.) 

« 

This title will appear rather startling to those acquainted with the geology of 
the Salt-range; but on a closer examination the fact indicated is in reality not so 
.strange ae it appears at first sight. , 

The “ Olive group ” is more than any other formation of the Salt-range a 
true Proteus in its composition and general appearance, and, what is even worsej 
can only with very great difficulty be distinguished from the beds on which it 
rests, though the junction is always a discordant one. I need only recall the 
doubt that existed as to the ago of the beds in which Terehr. flmningi, Dav., was 
ound. By all previous writers these had been united with the underlying 
i)al 80 ozoic beds, whilst in reality they belonged to the “ Olive group ” and were 
in time about, equivalent to the Deccan traps and the Cardita heaumenti beds, 
us distinguished by W. T. Blanford in Sind. 

Just the opposite of what befell Dr. Fleming with regard to the beds contain¬ 
ing Ter. Jlemingi, seems to have happened to Mr. Wynne, with certain beds 
which he united with his “ Olive group,” whilst in reality they belong to the 
l»alo 0 ozoio series belpw. I hqye myself hitherto accepted this view of Mr. 
Wynne’s, because there wore no obvious reasons to doubt it. It must be bom in 
mind that I was sent to the Salt-range, not to control Mr. Wynne’s survey, 
but to study the succession of the different faunas there, and I wisely abstain^ 
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firoia meddling wifch beds wbicb were tben considered to be unfossiliferons. 
There was indeed no occasion for this control, as Mr. Wynne’s survey has proved 
in all ca^ perfectly correct. The mistake of having united a single nnfossil* 
iferous bed with the overlying series of rocks instead of with the underlying one, 
only becomes apparent after the age of this bed can be exactly determined. 

On page 69 of his Salt-range report^ Mr. Wynne (’hamctorises the gp'oup as 
follows : “ Olive, i-cddish, and white sandston- "i, calcareous beds, black shales with 
boulders ; T(rebrahtl<e and bivalves, ISO to 3S0 feet.” This is, however, ,only 
a general characteristic, and chiefly taken from the eastern parts of the Salt-range, 
os in the western parts neither the Olivo sandstones nor the boulder beds have 
been found within this group. It needs only a look on the sections on pages 190, 
194, 206, Ac., of Mr. Wynne’s ropoi’t to become convinced of this. In all these 
western localities the group is composed of variegated sandstones, shales, 
glauconitic or pisolitic beds and haematite, in which fossils are not at all rare. 
These fossils are very characteristic, and absolutely identical with those found 
in the Gardita beaunionti beds of Sind. The beds with Terebr. Jlemingi belong 
decidedly to this series. In the esistern phrts of the range the section is a quite 
different one. A few examples taken from Mr. Wynne’s report may suffice to 
illustrate this. On pages 16<> aud 166 the following section is drawn up«liFom 


the cliffs below Danddt:— 

Feet. 

1. Numinulitie limestono ......... 200 

2. Coal shales, tme es to westward. 

Talus, room for 150 feet of beds. 

8. Red shales. •..68 

4. Light-coloured sandstones.20 

6. Shales ... ........ 20 

6. Whitish sandstones.14 

7. Red clay or shale.36 

8. Greenish shales . . . .•.28 

9. Metamorphic pebble conglomerate ...... 12 

10. R«d shaly and tlaggy zone (t>alt-*psendoinorph band) . . . 120 


The beds Nos. 3 to 9 Mr. Wynne considers as representing his Olivo group. 
Here already a 12-feet bed of metamorphic boulders appears at the base of 
the group. The Olive sandstones, however, are not yet distinctly developed. 
Further to the east a section has been measured by mjsolf in the vicinity of 
Sadowal. It is printed on page 154 of Mr. Wynne’s report. The section runs as 
follows, leaving aside the details of the bods above the strata that are here of 
special interest:—In this section the bods from 13 to 15 must very probably be 
taken as representative of Wynne’s Olive group; it may, indeed, be said that the 


section is a typical one. • 

Feet. 

1—12. Variegated sandstones with coal seams ..... 83 

18. Dark groeiiieh-gi ay shale and thill-bedded sandstone . . SO to 40 

14. Thick grayish-green sandstone with irregular beds of gravelly 

conglomerate and bivatvea . . . , . . 16 to 20 

15. Boulder conglomerate . • • • . 3 to 80 

16. Dark purple shale with thin bamls of greenish sandstone . . 50 

17. Bed thin-bedded sandstones and flags with sait-psenduu^orphs . 100 

t Memoirs, Qeol. Sur. India, vol. XIV (1878). 
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The most easterly localities where the group has up to the present beep 
observed are in the country round. Bhaganwala. At page 138 of the report 
there is a section of the coal locality there, which shows the folloudng sub¬ 
divisions in these beds;— 

Feet- 

1. Yellow foBsiliferousnammoIitie limestone.11 

2. Black shale ... 8 

4 . Coal shale, including 3 feet 6 inches coal. 14 

6. Qray lumpy sandstone 2 

6. White ferruginous sandstone, coarse quartz grains and unctuous white 

clay matrix, with black shaly and carbonaceous veins and strings, 
and delicate purple and green earthy layers above, conglomeratic at 
base •.21 

All these beds are headed “ Nummulitic ” by Wynne, but the conglomerates at 
east may represent the Olive series, as it is stated on the some page of the report 
that large erratic blocks indicate the presence of the group in this neighbourhood. 

In these eastern sections the Gardita heaumonti beds are nowhere conspicu¬ 
ous, and they have not been known to ^xist until recently detectc'd at several 
places of the eastern Salt-range by Dr. Warth, who sent me very numerous 
f naa ylg. including Gardita heawmonti and Gorhula harpa, from the country round 
Ghoya-Saidan-Shah, &c. 

These Gardita heaumonti beds are situated here between the coal and the Olive 
sandstones of the Olive gp'oup, but are so intimately connected with the coal that 
these latter very probably will also have to be considered as belonging to the 
same group. « 

From these deductions it appears that whilst in the western parts of the •Salt- 
range the Olive g^oup includes nothing but the Gardita heaumonti beds, in the 
eastern parts of the range yet another group of bods is contained in it, of which 
the boulder bed is the most conspicuous member; and it is to this boulder bed that 
I wish to draw the particular attention of tho reader, as just at the upper limit of 
it have been found the fossils which aVe referred to at the beginning of this paper. 

The section at a place near Dillour, where most of the fossils have been 
found, is, according to a communication I have received from Dr. Warth, 
as follows 
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The fossils occur in a very thin bed, just at the top of the boulder bed. Thqr 
are contained in brownish sandy concretions, which are generally crowded with 
individuals, in which, however, not very numerous species are to be found. 
Though the bed has been searched very diligently by Dr. Warth, and a native 
was occupied for weeks to collect fossils in it, yet the number of species is not 
greater than ten, some of wliich have however been found in many hundreds of 
specimens. The concretions are all of abo;it the same size and mostly of an 
oval shape. All of them are not fossiliferous : Dr. Warth found only one con¬ 
taining fossils among every twenty of them. But when fossils are present they 
are often in great numbers. 

The most common forms are GonularioB, of which hundreds of specimens 
have been found. Next come specimens of Serpulites, which are however very 
much rarer: all the other fossils have been found only in sporadic specimens. 
The most abundant of all is a Gonulana, which can be identified with all possible 
certainty with Gonulana laevigata, Morr., from carboniferous beds of Australia. 

1. CONtJLAEIA LASVIGATA, Morris, PI. I, fig. 1. 

1845. Comlaria Uevigata, Morris: in Strzclecki, Phys. descr. of Now South 4iWes* 
p. 290, pi. XVIII, fig. 9. 

1877. Comlaria leevigata, (Morr.) Koninck: Poss. Pal^z. do la Nouvelle Gallos da Sad, 
p. 313, pi. XXIII, fig. 1. 

This species attains rather considerable dimensions, but by far the greater 
number of specimens found in the concretions are small young specimens; only 
exceptionally are individua,ls met with so large as the one figured by me, or 
even larger. The species is somewhat variable, as I have ti’ied to illustrate by 
different figures. 

The most striking characters, which always hold good, are—first, the rectangu¬ 
lar, not quadratic, section of the cone, the always smooth condition of the ribs, 
and the very regular distribution of these, so that always ten to twelve can be 
counted within the distance of 10 mm. 

The variability of the shell chiefly consists in the arrangement of the ribs, 
which are generally arranged in such a manner that in the middle of the faces of 
the pyramid, where the ribs meet under an obtuse angle, they alternate with each 
other; sometimes however in one and the same specimen they do not alternate 
but unite directly with each other, and then form simply bent lines. 

The species seems to bo most nearly related to Gonularia omata, d’Arch. 
and Vem., from the devonian, and to Gonularia quadrisulcata. Sow., from the 
carboniferous period. From both it is different by its rectangular section; 
from the former also by its smaller apical angle, which is only 16®, whilst 
it is 20* in Gonularia ornata, and from the latter by its coarser. transverse 
striation. 

There cannot, I think, be much doubt abont the determination of this form. 
The transverse section, the number of ribs, the apical angle, all are identical with 
Gonularia laevigata, and thus we can safely unite the Salt-range form with the 
Australian Bpecies. 
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* 

2. CONULABIA TENDISTRIATA, M‘Coy, PI. I, fig. 3. 

1847. Conularia teutUtiriaia, M'Coy : Ann. and Mag. Nat. Hist., Vol. XX, p. 807, pi. 17, 
flg. 78. 

1877. Conularia tenuistriata, (M'Coy) Koninck : Foss. Paldoz. de la Nouv. Galles du Sud,- 
p. 310, pi. XXIII, fig. 2. 

This species is much rarer than the preceding; there is only a single well- 
preserved specimen o£ it among the materials at hand. The characters of the 
species are however very easily traceable, and thus the specimen can be deter¬ 
mined with perfect certainty. 

The shell must have been extremely long, as the apical angle is hot morn than 
10". The transverse section of the pyramid is somewhat lozenge-shaped, possess- 
ing, however, two broader and two considerably narrower faces. The latter are 
rather deeply impressed in the middle. The four faces are covered with a rather 
fine transverse plication. The single folds are broken in the middle of each face 
and there mostly alternate. The folds are smooth on the top and very fine. 
There are nineteen to twenty within the ppace of 10 mm. In the grooves between 
the folds a very fine oblique striation is observable. These characters will 
rniffifig to recognise the species. 

As, has been rightly remarked by Mons. do Koninck, the species is most nearly 
related to Conularia gerolsteAnensia, d’Arch. A Vern., from Khonish devonian beds, 
but can be distingnished from that species by the more acute apical angle and 
the smooth, not granulated, ribs that cover the faeoa of the pyramid. Conularia 
tenuistriata was originally described, like Conularia Icevigata, from carboniferous 
beds of Australia. * 

3. OoNITLABIA cf. IBREOULABIS, Kon., PI. I, fig. 2. 

1843. Conularia irregularis Koninck: Descr. des anim. foss., |i. 49fi, pi. XI.V, fig. 2. 

1883. Conularia irregularis, Kotiiiick: Faune ilu Calc. Curb, de la Belgique, Ann. -da 
Mas. Boy., Vol. VIII, p. 222, pi. LIV. fig. 1—s'. 

There is only a single fragmentary specimen which might perhaps be assigned 
to the above species: a quite safe determination of the species is however impos¬ 
sible, on account of the very fragmentary state of the single specimen. 

Though on a first glance the specimen seems to bear a rather great resem¬ 
blance to Conularia laevigata, Morr., one soon finds on a closer inspection that it is 
different from all the other Conularioe occurring in the concretions by granulated 
ribs; also the apical angle is quite different, being about 25° between two oppo¬ 
site angles of ^he cone. By those characters it. apprcbches Conularia irregularie 
nearer than any ■ other species; moreover as the transverse section of the pone is 
an elongated rhombus, very much resembling fig. 4 of the drawings in the Annales 
du Mus4e Royal. 

The specimen is, however, rather sma^, and the ribs somewhat coarser than 
as represented by'Momi. de Koninck, though they are not dissimilar to the draw¬ 
ing's. These discrepancies, howdver, prevent me from dii’ectly uniting the Ind ian 
specimen with Conularia irregularis. 

The species was originally described from the mountain-limestone of Vis4. 
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4. BuCANU cf. KATTABNSIS W. . 

1880. Buemia hattaauU, Waagea : Salt>ranga Fossils, 1, p. 161, pi. XIV, fig. & 

Again a specimen which cannot be determined with safety. Tho specimen 
consists of an internal cast only, but the enormously broad slit band, the impre^ 
sion of which can be made out, recalls strongly the same feature in Sueunia 
kattaensis, wherefore I have united this cast with it. 

It would not be at all astonishing that a species of the lower Prodno^os- 
limestone should occur in the concretions. 

5. Nucdla, sp. imJst,, PI. I, fig. 6. 

It is in general of an oval shape with rather inflated valves. The figured 
specimen is an exceptionally small one. 

It might be compared to quite a number of species, but ns the determination 
of this form is of no value whatever, I shall abstain from such a comparison. 

There have altogether been found three specimens of this form. 

• 

6. Atomodesma (?) wARTHi, Waagen, n. sp., PI. I, fig. 7. 

This species is represented by some not very well preserved specimens,'llhd it 
is rather doubtful to what genus it should be assigpned. 

There is no specimen in which the hinge could bo seen, but the general form 
is not dissimilar to Atomodesma I may therefore assign the species to that 
genus. 

I* is chiefly characterised by a strongly inflated apical region. The substance 
of the shell is rather thin, and therefore mostly not well preserved. It shows 
very fine concentric striation on its outer surface. On the internal casts a more 
coarse concentric plication appears, which is crossed by a very fine and rather 
indistinct radial striation. 

7. Avicolopecten cf. lim^formis, Morris,' PI. I, fig. 8. 

1846. Becten Umaeformit, Morris, in Strzelecki: Physical descr. of New Soath Wales, 
p. 277, PI. XIII, fig. 1. 

1877. Avieulopeclen limaeformis, (Morris) Eoninck : Foss. Palcoz. de la Nonvelle Galtes 
da Sud, p. 291, PI. XXII, fig. 4. 

The only specimen that has been found up to the present is fragmentary, and 
very considerably smaller than the one figured by Morris; it can nevertheless be 
compared in general appearance to that species, as the character of the not- - 
divided ribs is very similar. 

Av, limopformis is again an Australian carboniferous species. ’ 

8. Discina, 'sp. indet., PI. I, fig. 9. 

A very large Discina, of which, however, there is but one imperfect specimen. 

Fragpoaents of both valves are preserved, and the slit-like aperture of the lower 
valve can be well distinguished. Both valves litre rather flat. The upper valve 
seems to be granulated on its outer surface. Otherwise both valves are orna¬ 
mented ohiy with a fine concentric striation. 
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As no other characters can be made out, it seems not advisable to 'express anjr 
opinion as to the specific affinity of this shell; nevertheless it must be remarked 
that we have to deal here with a true Discina and not with one of the genera that 
occur in the Neobolus bed of the Salt-range. 

9. Sebpolites waethi, Waagen, n. sp., PI. I, figs. 4, 5. 

Next to Conularia laevigata this is the most common species in the concretions. 
It belongs to that group of forms which bear no marginal thickenings, and is 
very nearly related to a species from the lower Productus-limestone to which I 
have given the name of Serpulites indicus W. 

From this latter species the present one is distinct by its much smaller size. 

This group of forms, without marginal thickenings, has till very recently not 
been known to occur above the Silurian period, but the species from the Produo- 
tus-limestone demonstiates that such species can occur also in much more recent 
strata. 

10.. Sbbpulites tub/., Waagen, n. sp. 

Together with the preceding species occurs a much smaller one; with an en¬ 
larged trumpet-shaped mouth; I introduce for it the above name. It is much 
more rare than Serpulites warthi. 

To sum up, after the description] of the several forms we find the fauna con¬ 
tained in the concretions to be composed of the following species:— 

Bwania ef. katiuensis W. 

Conularia Icevigata Morris. 

„ tenuislriata M'Coy. 

„ cf. irregularia Kon. 

Sueula sp, indei. 

Atomodesma (?) warthi W. 

Avieulopecien «f. limeeformis Morris. 

Discina *p. indet. 

Serpulites warthi W. 

„ tuba W. 

• 

It must be confessed that this fauna is not very large; nevertheless it can 
positively be affirmed that it cannot possibly be a mesozoic fauna, but that it 
must be considered as belonging to the palaeozoic series. The occurrence of 
hundreds of specimens of Conularia givo.it an entirely palaeozoic character. 

The whole fauna is however almost entirely new to the Salt-range; only the 
Bucania cf. kattaensis W. has been formerly described by me from the lower 
Productus-limestone of Eiatta. The determination^of this species cannot how¬ 
ever be made with sufficient certainty, as only a single internal cast is available. 
Quite different is the case with the Oonularioe. One of them (Con. loevigata) at 
least has been found in hundreds of specimens, and its determination is above 
any doubt; the determination of the other (Con. ienuistriata) is also quite safe. 
Now these two forms are identical with species that were originally described 
from Australia, from beds there^intercalated with coal-seams, and in which at 
the same time numbers of Produeti, Spirifera and other similar fossils oocnr, in¬ 
dicating a carboniferous age for those beds. To the same horizon point the 
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Aviculopeeten ef. Umceformio Morr. and tbe Oon. ef. irregularis K. thdngli 
cannot be identified with certainty. The other species {Nttcula sp. ind. aiid 
Diseina sp. ind.) are new; but they exhibit quite a paleozoic character, as also do 
the SerpuUtes, or at least they do not contradict the paleozoic age of the whole 
fauna. 

On the whole if we consider th safely or approximately determinable species, 
which are— 

Bucauia f. Kaitaenais W. ^ 

Conularia lavigata Morr. 

„ tenuistriata M'Coy, 

• Ji irregularis Kon. 

Aviculopeeten of. Umaformta Morr. 

we see that all of them point towards a carboniferous age of tbe beds in which 
they have been found. 

There is however a circumstance which imposes some caution in this respect; 
this is the occurrence of the concretions en the top of coarse boulder-conglomer* 
ates, into which they may have been transported from afar, having previously 
been washed out from some other older formation. .... 

When the first concretion containing Conularioe reached me from India, I was 
convinced that it was a transported pebble' and not in situ in the bed in which it 
had been found. But after a time Dr. Warth sent me so many proofs in favour’ 
of an opposite opinion, that at last I came to belive that these concretions were in 
situ, and the age of the bed in which they occurred could be judged from them. 
These proofs wore the following:— 

1. The concretions occur not irregularly throughout the whole boulder-bed, 
but are most distinctly restricted to a very thin layer just at the top of the bed, 
where they occur rather plentifully. • 

2. This thin horizon has a very regular pnd constant horizontal distribution, 
and Dr Warth was able to state its existence over more than ten square miles, 
everywhere exhibiting absolutely the same chai'acters. 

3. The fauna contained in the concretions is a very uniform one, and points 
distinctly to a single geological horizon. If the bed in which these concretions 
are contained were of cretaceous ago, and the concretions transported, a mixture 
of the fauna with different foreign forms would be the necessary result, and it 
is impossible that among the hundreds of fossils that have been collected not a 
single triassic or Jurassic species should occur or oven any silicified specimen 
from the Productus-limestone. 

From all these reasons it results with absolute certainty, that the ooncretionB 
containing the above fossil are in situ, and that the bed in which they occur is of 
carboniferous age. 

Thus we have in the eastern parts of the Salt-range two constituents within 
the Olive group of Wynne, one equivalent in age to the Oardita beaumonii 
beds, of which the Olive group is solely composed'm the western parts of the nmge, 
and another below it qontaining a boulder-conglomerate which is of oarboniferotis 
agOr and restricted entirely to the eastern j>art of the Sidt-range. 
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There remams some difficultj in deciding what beds shonld be placed in the 
npper part and wbat in the lower part of the divided group. The chief doubt ie 
with regard to the soft olive-coloured sandstones which overlie the bed with 
OonularitB and contain sometimes bivalves of a Unio-like appearance. I should 
be rather inclined to count those with the upper part, and to restrict the lower 
part to the boulder-bed; but I cannot give positive data in this respect, and just 
the contraiy may be correct. All depends on future finds of fossils. 

This is a matter of no great importance. Of the greatest importance, however, 
is that we have recognised the “ Olive group” to be composed of two members, 
one of approximately upper cretaceous, and another of carboniferous age. 

Some words have yet to bo said upon the petrological character of ‘ the latter. 
I have spoken of it as a boulder-conglomerate, and in fact the greater part of this 
deposit is made up of boulders, often of quite enormous size, true erratic blocks, 
which are imbedded in a dark-coloured shale, intermixed often with gravel or 
coarse sand. The rocks of which the boulders consist are all of a very hard 
nature, beautiful granites of different colours, syenites, different porphyries, green¬ 
stones, quartz-rock, <fcc., but no rocks of a softer nature, like sandstone, &c. They 
are jpj^ed together in the most irregular manner, and have been taken by Mr. 
Wynne as'indications of the vicinity of a sea-shore. When I visited the Salt-range 
I observed, however, in these boulder-conglomerates a great number of striated 
pebbles, and recently Dr. Warth has also sent a number of them to Europe. He 
writes at the same time that they are so common that he might get any number 
of them if required. Such scratched pebbles and boulders imbedded in a soft 
shale are always indications of the influence of ice action, and thus we must 
admit for the formation of these boulder-conglomerates the collaboration of ice 
on a grand scale. 

We hare thus now fixed two characters for the l)cds in which the Gonularm 

a 

occur, first that they are of carboniferous ago, and second that they have been 
formed under the -influence of ice action. 

There remains yet to look out for the equivalents of this boulder-conglomerate 
in the western parts of the Salt-range, as carboniferous beds are well known to 
exist there, and they must be in some relation to the carboniferous boulder-bed of 
the eastern range. 

It is a well known fact, that on the whole the Olive group, or perhaps more 
properly speaking, the Oardita beaumonti beds, rest unconformably on the entire 
paleoozoic and mesozoic series of the Salt-range, but the unconformity is such a 
slight one that in the single sections it cannot be observed at all, and can only be 
made out by .observing that in nearly every section this Cardita beaumonti group 
rests on different beds. 

If we start from the west we find at first the Oardita beaumonti group but very 
little developed, a few beds of sandstone and hmmatite is all that can be assigned 
to it. These rest on. Jurassic beds. Further east, for instance in the country 
round Katwdhi, the group is well developed, full of fossils, but rests on the 
Ceratite beds. At Nursingpohir it rests already directly on the compact Produo- 
tus-limestone, the Ceratite heda having^disappeai-ed. In the 29 ilaw4n .the compact 
limestones have also disappeared, and the Cardita beaumonti group rests now 
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diiectiy on tbe Ftuulina beds of the lower prodaotas-limestone. We fee that 
thmi the group comes into contact with beds which are moxe and more low ^ 
the series as we proceed further towards the east» and going yet further eastward} 
we suddenly find the carboniferous boulder* beds with Oonularice Rppearihg 
below the Oardita beamionti group. These boulder-beds were entirely absent np to 
this point in Wynne’s Olive group, but boulder-beds were not rare to the west at 
a lower horizon, in, or at the base of, the speckled-sandstone group. Now just 
where the boulder-beds with Oonularice appear below the Oardita beaumonti beds at 
the base of Wynne’s Olive group, the lower part of the speckled-sandstone ought 
to crop out from below the Olive group, according to the arrangement very regular¬ 
ly observed from the western termination of the Salt-iunge up to the Nilawan. 

We thus have in the first place to look to the speckled-sandstone for an equiva¬ 
lent of the Contilaria beds in the western Salt-range. • . 

Mr. Wynne says of the speckled-sandstone at page 93 of his report: “This 
group (No. 6) is even at its commencement conglomeratic in places. It is ’ 
occasionally so throughout its extensioq, and far to the west where the groups 
2 and 5 lose in thickness greatly, the conglomeratic character increases, the paste 
being often earthy and the enclosed fragments large boulders of crystallin^rock; 
but it is rather uncertain whether these beds may not.belong to the purple-sand¬ 
stone.” This finally expi’csscd doubt has been solved by the Trans-Indus sections 
which have since been examined by Mr. Wynne and in which the purple-sand¬ 
stone is exposed below the boulder'bed. 

It had for long been a puzzle to me, when I was in the Salt-range, that 
there should occur there boulder-beds, which evidently were formed under the 
influence of ice-action, at so different levels, as in the speckled-sandstone and in 
the Olive group, then supposed to be entirely of cretaceous age; and I could not 
realise the idea that in a country so near the tropics, at different and recurring 
periods such a low temperature should have been prevalent as to cause the forma¬ 
tion of large ice-masses. * 

That boulder-beds formed under the influence of ice-action are not rare 
in the western Salt-range is a well-known fact, and chiefly in the most western 
parts as well as ip the Trans-Indus continuation of the range those beds are of a 
remarkable development. That ice was really greatly concerned in the forma¬ 
tion of these beds appears beyond doubt, partly from the numerous striated and 
scratched stones that are found in them, partly from the huge erratic blocks 
which are off and on to be met with. We find these boulder-beds mentioned at 
different places of Mr. Wynne’s report. They are assigned there partly to the 
magnesian-, partly to the speckled-sandstone, but as the former Jis barely at all 
distinguishable in the western sections a mistake is very easy, and it is certainly 
not a great mistake to assign all these boulder-beds to one and the same large 
group of rocks. Such boulder-beds are for instance mentioned at pages 214 
and 237 of the report. As has been mentioned above they become more constant 
and less often replaced by sandstones farther to the west, and as we apprc«ch 
the Indus titte boulder-beds are the only rock ^at intervenes between the Pro- 
ductus-limqstone and the purple-sandstone or the salt-marl. A still more bon- 
spicuous ^velopment of these boulder-beds is presented in the Trans-Indus 
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eontinnation of the Salt-tang^, and a look into pages 64 and 71 of Mr. Wynne's 
Trans'lndus report^ will give a very fair idea of them,' Mr. Wynne does not how¬ 
ever exactly place these boulder-beds on a level with any bed developed in the Salt- 
range proper, but on page 26 of the report he considers the speckled-sandstone to 
be absent, and with regard to the boulder-beds he says : “ Similar beds on this 
horizon” (in the Salt-range proper). On the whole Mr. Wynne seems not quite 
averse to the idea that all the bouIdcr-beds of these mountain chains should at 
least be compared to each other if they could not be reduced to one and the same 
group of beds. He writes on page 68 of his report; “ In the neighbourhood of 
Kafirkot-south the red boulder group, with a thickness of 100 to 150 feet, is 
occasionally exposed ol6se on the bank of the Indus, appearing from beneath 
shattered and disturbed carboniferous limestone layers. Here the beds with 
boulders are somewhat below the top of the group; they contain blocks up to 
one and a half feet across of red granite, dark basalt, limestone, white metamor- 
phic limstone, quartzose and other indurated rocks, embedded in a dark gray clay: 
the assemblage strongly recalling both the western Salt-range infra-Carboniferous 
bods and also the much newer conglomeratic clays of Chel-hill in the eastern part 
of the* range, supposed to occupy a cretaceous horizon.” 

From all that has been said in the foregoing pages it appears that there 
exists a group of beds in the Salt-range, which is in the eastern parts of the range 
mostly composed of sandstones, which off and on enclose a boulder-conglomerate, 
while in the western parts the boulder-conglomerates predominate. This group 
follows always below the Productus-limestono group and rests either on the 
magnesian-sandstone, or on the ^Ieofcolii.«-beds, or on the purple-sandstone, or at last 
on the salt-marl. From this it appears that it is in a more close connection 
with the overlying than with the underlying beds. 

As regards the ago of this group containing boulder-beds, it is not difficult 
of determination. The Productus-limestone has been described in detail in my 
large work on the fossils it contains, and it has been shown there that three 
divisions can be distinguished, of which the upper two have to be placed on a 
level with the permian beds of Europe, whilst the lower one, containing FusuUnce, 
with very great probability must be considered as representing the upper¬ 
most horizon of the coal measures. Now the speckled-sandstone which follows 
below, and which contains the boulder-beds, is most intimately connected with 
the lower division of the Productus-limestone, and must be placed with it in 
one and the same group. It thus cannot be lower in the series than the coal- 
measures of Europe and elsewhere, whilst the magnesian-sandstone and the 
Neo&oZtts-beds,. which follow next below, and form together another group of 
beds probably must be considered as the equivalents of the lower-carboniferous. 

After this excursion on the boulder-beds of the Salt-range, we have now to 
return to our Olivo group, and the boulder-bed it contains. There follow three 
things from the preceding considerations: 1, the boulder-beds of the Olive group 
appear, geographically, just where the last remnants of the lower part of the 
speckled-sandstone ought to crop out from below the Oa/rdita heatmonti beds; 


* Memoin, Geol. Sur. tndiii, rol. XVII, pt. 2 (1880). 
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2, the bouldeivbeda in the speokled-sandstono, or which occupy elsewhere its 
bathrological position, arc in appearance extremely similar to the boulder><bed ol 
the Olive series; 3, the boulder-beds of the western Salt-range are probably of 
the age of the coal-measures; for the boulder-beds of. the Olive series have been 
proved of carboniferous age by Dr. Warth’s discovery of fossils in them. 

From these three points it results with nearly absolute cei'tainty, that the 
boulder-bed of th# Olive group is the last eastern remnant of the speckled* 
sandstone group, and that this boulder-bcd also must be considered as equivalent 
in time to the coal-measures. 

If thus all the boulder-beds of the Salt-range belong to one and the same 
gi’oup, we have all at once a huge glacial formation stret^liing through tho whole 
Salt-range during the time of the coal-measures. In speaking of a glacial 
formation, I do not moan tliat real glagiers wore concerned in the formation of 
these beds; it was probably floating ice coming out eJi the mouths of rivers, 
which brought tho bouldei-s with it, and deposited them along the soa-slioro. 

Thei’e Imve, however, still several didicultios to bo overcome, before this 
grand glacial formation can bo considered as fairly established. 

The sandy strata contained in the palajozoic series of the Salt-range are most 
evidently a littoral deposit, formed on a very flat, slowly-de8cending»»fihore. 
That all these sandy beds, down to the upper limit of the purple-sandstone, are 
not much difEoi*eiit in age and form more or less one continuous series, has been 
stated already in tho introduction to tho Salt-range Fossils, and is again affirmed 
by the discovery of carboniferous xossils in tho boulder-bcds. 

It seems that along tho shores of the ancient sea the sandy accumulations 
were heaped up in dunes, which dwindled down towards the open sea to com¬ 
paratively thin layers of sandstone and boulders, tho latter, supplied by tho 
materials falling down from floating ice, occurring off and on at different horizons. 

This supposition alone can account* for tho great thickness those beds attain 
towards the east, and tho ra]>id decrease thqy are subject to towards the west. 

In all tho foregiong considerations I have not touched upqn the question of 
the ago of the “ Psendoinoi-phie salt-crystal zone,” as it has been termed by Mr. 
Wynne, and which follows below the boulder-bed in which the palieozoic fossils 
have been found by Dr. Warth. That this salt-crystal zone must be palaeozoic, 
as the beds that overlio it are palaeozoic, cannot be questioned, but also in their 
more special age they will not differ much from the rest. 

They are comjmsed of sandstones and blood-red clays of very variablo thick¬ 
ness, and from the surfaco of the sandstone flags numerous pseudomorjihs of salt 
crystals stand out. 'I’bis shows these rocks to have been formed under very 
peculiar conditions. Daring their foimation great quantities of salt-water must 
frequently have dried up, giving rise to the formation of numerous salt crystals, 
which were afterwards dissolved by the influx of fresh water, whilst the hollows 
loft by the crystals were filled up with sandy matter. Such conditions could only 
have taken place in an estuary, in a back-water behind the duties, and those rooks 
must probably be considered as a lenticular intevcalation on a large scale between 
the .masses of sandstone of which tho lower half of the palasozoic rocks of the 
Salt-rangotis composed. 


0 
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This “ Fseadomorph salt-crystal zone ” does not, then, present insnrmonntahle 
difficulties to a rational interpretation; and by degrees more and more clearly 
these three facts come to light: 1, that there is a group (and only one group) 
of beds, which contains boulder-conglomerates throughout the whole Salt-range; 
2, that this boulder-group extends below the permian and topmost carboniferous 
beds and is on a level with the coal-measures; and 3, that this boulder-group has 
been formed under the influence of ice-action. * 

These three facts aro of the utmost importance, and a number of further 
conclusions may be drawn from them. 

Boulder-beds that were formed under the influence of ice action, have long 
since been known to e^tist in India, in the Talchir formation, forming the base 
of the Gondwana system. The ago of this Talchir formation has been much 
contested; and the subject has been discussed in the most admirable manner in 
several papers by Mr. W. T. Blanford. The most probable conclusion to which 
Mr. Blanford at last arrives is to consider these beds as of permian age; while 
most of tho previous writers had taken them to be either of lower triassic, or even 
of Jurassic ago. All authors were, however, quite agreed upon one point, that 
these beds had to bo compared with certain beds occurring in Australia, in which 
a number of species of plants, which had been found in tho Talchirs and 
Damudas of India, also occurred. 

It was very unexpected, and so much the more interesting, that among tho 
few fossils collected in the boulder-bcds of the Salt-rangc there should again be 
species identical*with Australian forms though they were not plant-remains: 
Oonularia Iwvigatfi, and Con. tmuistriata. 

In Australia the plant-remains occur in a scries of beds with coal seams, 
in the lowest division of which they are found, together with the marine species 
mentioned above as occurring in the boulder-beds of the Salt-range. 

Thus we have again arrived at three facts of grear. importance : The Talchir- 
Elaharbari beds contain a floiUi identical with, or very nearly related to, a flora 
occurring in certain beds of Australia together with marine fossils, and at the 
same time they contain boulder-bcds, formed under the influence of ice action; 
2, the boulder-group of the Salt-range contains some remains of marine animals 
identical with species occurring in Australia, together with the above-mentioned 
flora; 3, the boulder-group of the Salt-range can be determined as of upper car¬ 
boniferous age, from its position below the Productus-limestone, and ehiefly below 
the lower division of it containing Fumlium and Prodwtm semireticulatus Mart. 

From these facts the conclusion may bo drawn that the boulder-beds of 
the Salt-range, and with them the speckled-sandstone of Wynne, are of the 
some geological age as the Talchirs of the Indian Peninsula, as both are related to 
the same beds in Australia, tho one by its plants, the other by its marine remains. 
If this be the case, then also tho Australian beds, which contain the same fossils 
as the Talchirs and the Salt-range boal;ler-group, cannot be more recent than 
upper carboniferous, or of the age of the upper coal-measures. 

From these two conclusions several others follow. 

■ If we have thus found the Tolchir-Kaharbdri beds to be of tho ago of the 
coal-measures, then tho other divisions of tho Gondwana system can also approxi- 
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mately be jndged. The Damudas will then probably prove to be homotazioAlly 
equivalent to the permian of Europe; the Panchet and Bajmahal to the trias 
(the Eota-Maleri beds must still remain somewhat doubtful); and the Jabalpur 
and Cutch beds to the jurassic in general. The mesozoio affinities of the plants 
contained in the lower groups can no longer be an obstacle to such an interpre¬ 
tation, as the geological position of the equivalent beds in the Salt-range is 
too clear to allow of any other .view to be tahen. Thus the opinion, so assi¬ 
duously entertained and defended by Mr. W. T. Blanford, 5tbat the exact age of 
the beds could not bo judged with safety from the plantjjremains alone, has 
been gloriously confirmed by the facts now brought forv^ard from Dr. Warth’s 
most important discoveiy. ^ 

If we turn now to Australia, a number of other facw can be ascertained there 
which are not of less interest. Of the Australian bo^ that can be compared 
to different members of the Gondwana system of India, it is chiefly the “ Lower 
coal-measures with marine layers interstratified ” which must be placed homo- 
taxically on the same level as the Talchiv-Kaharbari beds of the Indian Peninsula, 
or the boulder-group of North-Western India. In these beds in Australia traces 
of ice action have not yet been observed. The Newcastle beds whiclwfollow 
next above can perhaps not be separated from the preceding, but the Hawkes- 
bury beds and Bacchus Marsh sandstones must certainly be placed on a level 
with the perraians of Europe. It is only on this horizon that traces of ice 
action have been observed in Aust’ alia; and from this it appears that the glacial 
action took place at a later date in Australia than in India. The entire Australian 
series rests on beds that arc decidedly lower carboniferous, and this is one proof 
more that the beds following above are of the age of the coal-measures. 

Another country where equivalents of the Gondwana system seem to be 
present is South Africa. It is now b>"g since the different divisions of the 
Karoo formation, as it is called in Africa, wore compared to the different 
divisions of the Gondwana system and of the coal-measures of. Australia; and we 
find again a very clear and impartial exposition of the facts relating to this 
question in Mr. Blanford’s presidential address to the Geological section of the 
British Association for the Advancement of Science, at Montreal. In South Africa 
the Karoo formation rests partly on carboniferous, pertly on Devom’an, and 
at last also on gneissic rock. The lowest division of the formation is the Ecca 
group which contains a great boulder conglomerate, that has unmistakably been 
formed under the influence of ice action. These Ecca beds rest conformably 
on lower carboniferous beds containing coal-plants. The overlying beds are 
however said to bo ttnconfoi-mablo to the Ecca beds. There is then ojridently some¬ 
thing absent in South Africa, but it is not possible to say what extent the missing 
strata may have had. Perhaps the permian is absent, and the Beaufort beds 
triossic, or else only the upper part of the coal-measures may be absent, and then. 
the Beaufort beds may be permian. Ks our knowledge now stands, it is impossible 
to say which of the two interpretations may be j^he right one. For us at present 
it is quite sufficient to state that, with all possible probability the Ecca con¬ 
glomerates pan be considered as the equivalents of the Talchir boulder-beds and of 
the Salt-range boulder-groups, and are thus of the age of the coal-measures. 
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The partial identify of the fossil plants found in Australia, in India, and in 
South Africa has long since led to the idea that in former geological periods 
a land connection must have existed between those three countries, and thus 
a by-gone Austro-Indo-African continent has been constructed, stretching through 
the greater part of the southern hemisphere and nearly equal in extent to the 
Asiatic European continent of the present period. But it has up to the present 
been impossible to indicate the exact time of existence of this continent, as the 
evidence drawn from the plant-remains, was absolutely in contradiction to the 
one drawn from thd marine animals. 

Now after all tha\, has been said in the foregoing pages it cannot be doubted 
any longer that the timeexistence of this large southern continent dates at least 
as far back as the carb*)niferous period. The northern shores of this continent 
stretched through India'iind have been partly preserved in the Salt-range, as well 
as in Afghanistan, where the Talchir bouldcr-beds have been stated to extend 
over large districts, resting on marine lower cai’boniferons beds. This continent 
had evidently a well-developed river system, and at the Salt-i’ango there was 
probably the mouth of a great river. Down these rivers large masses of ice 
floated whilo in other parts of the world the coal-measures were being formed; 
and these ice masses drifted along the shore and, as they melted away, deposited 
large boulders, gravel and fine silt at different places. 

Under such ciixiumstances, apparently, marine animals could not well' live 
on this shore, and it must be considered as very fortunate that some such have 
been found by Dr. Warth. In Australia the case was different. No ice was there 
formed during these times, and thus there lived a rich marine fauna there. ' As it 
occurs in strata intercalated between plant-beds, it is probably an estuarine fauna. 

Of this whole extensive continent there ijxist in the present period only small 
fragments. It has been broken up by degrees during triassic and Jurassic times, 
as has been shown by me already in a former paper \jiupra, Vol. X, p. 98), The 
rooks of which this continent consisted can however be well studied from the 
erratic blocks which have been brought by the rivers to the shores, so that a 
large stretch of former land which is now covered by the depths of the Indian 
ocean may entirely be reconstructed. 

The enormous development of boulder-beds that have been formed under the 
infiuenco of ice action on this ancient southern continent makes the supposition 
of very low temperatures during those times on that continent an absolute 
necessity. These low tcmpei’atures were not of a local occurrence only, but 
spread over the whole continent, thus indicating^a true glacial period,—a glacial 
period, howev er, that was in the beginning restricted to the Southern Hemisphere 
and only later on spread also to the Northern one. 

In the earlier times of the carboniferous period a rather high mean temper¬ 
ature must have prevailed on the southern continent, as luxuriant forests of car¬ 
boniferous plants were thriving there,' of vVhich the remains have been preserved to 
us in Australia as well as in South Africa. All of a sudden a considerable lowering 
of the temperature took place, ice began to be formed in South Africa and in India, 
and all the carboniferous flora was destroyed in these countries jis well as in 
Austmlia ^y this low temperature. In the meantime in Australia a new flora 
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be^n to appear,—a flora that was suited to support moderate or low temperatures. 
Notwithstanding the ice that covered part of the southern continent; the flora 
spread slowly westward from Australia, during upper carboniferous and permian 
times, to roach Indian and South African regions. This flora was composed 
entirely pf what we call “ mesozoic” types, and therefoi’e the l)ods in which it 
occurs were generally considered as mesozoic. 

During the time when this wont on in ihe Southern Hemisphere, there w^re 
the coal-measures deposited in the Northern one, and fwests of the greatest 
luxuriance, composed of carboniferous plants, were thrivmg there un'der the 
influences of a still warm climate. 

This warm climate was also not entirely withoi^effect on the Southern 
Hemisphei'e. In the beginning of the coal-measures jKriod the marine life along 
the shores of the southern continent was very poor, ms has been stated above. 
Later on, however, towards the close of that period, tne marine animals were no 
longer much affected by the cold that prevailed on the continent. There were 
currents of warm water coming from the cast, bringing with them a number of 
American carboniferous animals, w'hich settled in Cliineso and Indian areas. 
(See Kayser: Fauna von Lo-Ping; and Waagen; Salt-range Fossils.) 

This state of things continued for a cerbiin time, until in the permiafl period 
again a change took place. Now the cold had 8j)read to the Noi-thcrn Hemisphere 
(there arc traces of ice action in this period in England), and the result was 
the extinction of the carboniferous flora also in Europe and olsew'here in the 
north. Now only was the flora of the moderate climate, which we are wont to 
cal’ a mesozoic flora, in a position to spread also over Europe, &c. ; and this flora 
prevailed during the whole mesozoic era. 

In the Northern Hemisphere there were no currents of warm water to come thus 
from anywhere, as the Southern Hemisphere was no longer so very warm, and tho 
marine animals could not withstand tlfe low temperatures to w'hicli they were ex¬ 
posed, and the palaeozoic fauna poi-ished almost entirely, only few genera escaping. 

But also to the Southern Hemisphere tho intense cold returned during permian 
times and after. In Australia wo have seen that in tho Hawkesbury beds and 
Bacchus March sandstone, which are probably of permian age, glacial boulder- 
beds occur. The flora could well endure these low temperatures and did not 
materially change again, but the marine animals badly felt the changed condi¬ 
tions. Currents of cold water reached the Salt-range towards tho end of the 
permian period. These came from the north and brought with them types of 
Siberian Oeplialopods, thus giving rise to the formation of tho Salt-i'ange Geratite 
beds; but at the same time they extinguished tho life of fhe rich permian fauna of 
tho Salt-range, the lost remnant of tho once so rich and beautiful palaeozoic fauna. 

In this way wo come to ascertain two facts, which were not expressed so clearly 
up to the present. The palaeozoic fauna and flora was that of warm climates. The 
organisms composing those wore not able to endure great changes in temper¬ 
ature. As then, towards the termination of the paleozoic times, first in the 
Southern and later on in the Northern Hemisphere also the general temperature 
was considerably lowered,—a circumstance which is proved beyond doubt by the 
frequent occurrence of ice-formed boulder-beds, the whole fauna and flora 

f 
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necessarily perislied. It was afterwards replaced by a more hardy set of 
organisms, which liowover only by degrees occupied the place previously taken 
up by the paleeo^oic forms. This is chiefly applicable to the land organisms. 

Wo have seen that the palroozoic flora was in the Southern Hemisphere 
already destroyed towards the middle of tho carboniferous period, and was 
replaced there by forms, such as ConiferoB, Cycadeos, Ferns, and Equisetacece, 
which have been generally considered as typical of the mesozoic floras. This 
occuiTenco of these f.o-called mosozoic types in such ancient strata shows partly 
that the plants alo^, without stintigniphical evidence and the corroborative 
evidence of marine Wjmals, are not well adapted for a definite determination of 
tho geological age of t'ko beds in which they occur, and this chiefly for the 
reason, that the plants greatly dependent upon tho climate, and tho climatic 
conditions of remote per^jds are not sufficiently known to us. The case may bo 
similar with land animals, but of these wo know still far loss than of tho plants 
in the more remote periods of tho earth’s history. 

Anchor point that is demonstrated by^the occurrence of mesozoic plant types 
in tho carboniferous beds of Australia is, that by this occurrence it is clearly 
shown that the whole mesozoic land-flora is of an Australian origin, and spread to 
Europe only in mesozoic times, after place had been made for it by the destmetion 
of the palffiozoic flora duiing tho permian period, and after the climatic character 
of Europe had become favourable for it. 

In concluding these remarks I wish to draw the attention of the reader onco 
more to tho one cardinal point, that it is demonstrated beyond doubt that 
towards tho end of tho palaeozoic times a groat glacial period occurred, similar in 
extent and more grave in its eSocts than the one that took place at the end of the 
tertiary era, and that thus tho earth has passed already through two severe periods 
of cold. 

It has been made possible to ascertain all this by the assiduous investi¬ 
gations of my old friend Dr. H. Warth, who has thus made one of the most 
important discoveries that over could bo made in the Salt-range. 


EXPLANATION OF THE PLATE. 

Pig. 1 .—Conularia Irovigata, Morris: lo, 6 . views from different sides, natural 
size; Ic, transverse section of the shell; Id, e, different parts of the 
surface, enlarged. 

Pig. 2.—Conularia cf. irregularis, Koninok: part o3? the surface, enlarged. 

Pig. 3 .—Conularia tenuistriata, M'Coy; 3a, lateral view, natural size; 36, part 
of the surface, enlarged; 3c, transverse section of tho shell. 

Pigs. 4, 5.—SerpuUtes warthi, Waagen, n. s'p.views from above and from the 
side, both natural size. 

Fig. 6 .—^Nucnla sp. indet.: 6 a, natural size; 66 , c, enlarged. 

Fig. 7 .—^Atomodesma (?) warthi,‘W'aagon, n. sp.: partial.internal cast, natural size. 

Pig. 8 .—Aviculopecten cf. limseformis, Morris ; fragment of the shell, natural size. 

Pig. 9.~Discma sp. indet.: fragments of both valves, natural size. 
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Memorandvm on the Correlation of the Indian and Australian coal-bearing beds, 
hy B. D. Oldhah, A.II.S.M., Deputy Superintendent Geological Survey of India. 


In tbe spring of 1885 I was deputed, in extension of privilege leave, to visit 
and examine the coal-measures of New South Wales and Victoria, with a view to 
elucidating, if possible, the vexed question of t>heir relations to our Indian coal- 
measures. Accordingly I reached Melbourne on the 11th ^ugust and went on 
to Sydney, whence I proceeded to Newcastle to examine what)[-may call a classical 
section in Australian geology. y' 

I had intended, besides, to examine in detail the sec^n in the southern coal- 
fields and in the Blue Mountains as well as the beds of B;\cchus Marsh in Victoria: 
but a relapse of malarious fever, originally contracted ii^^ India, interfered consi¬ 
derably with my movements, and I was compelled to sail from Melbourne on the 
2nd September, having only boon able to examine the section west of Newcastle 
and pay a flying visit to the Blue Mountains. With respect to the other Ifcalities 
mentioned above, I had to be content with such information as could bo obtained 
from published reports, and in conversation with those who had examined the 
ground. I am consequently unable to give the connected account of the Austra¬ 
lian coal-bearing series I should have wished to; but as regards the question of the 
relative age of our Indian coal-measures and those of New South Wales this is of 
little importance, seeing that the A'xstralian geologists have not yet been able to 
connect the beds as exposed in the different coal-fields with each other, and with 
the Epical section west of Newcastle to which they must all be ultimately re¬ 
ferred. Such observations as I was able to make will be embodied in the follow¬ 


ing note. 

Though it has practically no bearing on the question, it may not be out of 
place to note the resemblance in lithological characters between certain members 
of the Australian carbonaceous series and of*the Gondwana series in India; thus, 
at Newcastle may be seen beds of coarse-grained soft whitish sandstone containing 
a considerable proportion of decomposed felspar and very hko some of the Barakar 
sandstones; again, the boulder beds below the coal-measures are often identical 
with the similar boulder bods of the Talchira in everything but the presence of 
marine fossils ; but I attach no value to these lithological resemblances except in 
the latter case, and then only in so far as they indicate a condition of deposit 
which, considering the latitudes they are found in and the nature of the beds they 
are intercalated with, must have been of an exceptional and transient nature. 


The relative ages of the Indian and Australian coal-measures have long been 


Introductory. 


a question of great interest to geologists, and in spite of the 
amount that has been written on the subject and the 


ability of the writers there is probably no geological question more involved 


in doubt and difficulty. 

The points in dispute are four—‘1st, the ag^ of the members of the Indian 
coal-bearing formation, or tGondwana series, as compared with the coal-bearing 
Beries in A^^stralia, and more especially of the coal-measures in either country; 
2nd, the ages of the members of the Gondwana series as compared with the mem¬ 
bers of the geological sequence in Europe; 3rd, those of the Australian beds 
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corn pared with the same sequence; and 4th, the relative ages of beds exposed in 
different parts of Australia.^ 

When first the plant fossils of the coal-measures of India (Damudas) and of 
Australia (Newcastle beds) became at all known, a similarity between the two 
floras was noticed which naturally led to their being considered as of contem¬ 
poraneous origin. In both Olossopteris was abundant, and the species 0. hrowniana 
(as well as other species then supposed to bo identical) was found in both ; both 
contained a species qt Vertebraria, another of Phyllothem, which were believed to 
bo identical, and ai^ certainly closely allied to each other, while the former genus 
was till recently unkoVrn from any other formation but the two in question. 

The contemporaneityyf the Indian and Australian coal-measures being taken 
, . . f<^‘’ griintcd, the second and third of the points in dispute 

on loto opinion. j^ecamc connected with each other. In Australia two 

schools arose,—one, headed by the late Rev. W. B. Clarke and those who had 
examined the beds in the field, reasoning from tho close connection of the New¬ 
castle coal-measures with beds containinf> a marine fauna closely allied to that of 
tho carboniferous beds of Europe, argued that the Newcastle bods were of carbon¬ 
iferous or at any rate late palmozoic age; tho other, headed by Professor McCoy 
and others who had never seen tho beds in situ, reasoned on what they declared to 
be the characteristically mesozoic facies of the flora, and on this ground alone, not 
satisfied with declaring that the beds must be of Jurassic age, impugned the accu¬ 
racy of some of the Rev. W. B. Clarke’s statements. In accordance with this 
divergence of opinion regai-ding tho Australian hods there was a corresponding 
difference as to the ago of our Indian coal-measures ; some of the most prominent 
of the Europe pikeojihytologists looked upon them as of mesozoic age, while the 
members of the Indian Geological Survey who had examined the same bods in the 
fixild regarded them as of late palosozoic age on the gi’ound of tho resemblance of 
their flora to that of the Australian coal-measures, accepting with regard to 
tlipse last the opinion of those who had examined them in tho field. But as 
regai’ds the beds above the coal-measures, and so intimately associated with them 
that they could not bo looked upon otherwise than as subordinate members of 
one great series embracing the coal-measures also, it was acknowledged in both 
countries and by both parties that they should be regarded as of mesozoic age. 

Such was the state of opinion on these questions when Dr. Peistmantel ex¬ 
amined the floras of the snb-divisions of the Gondwana series and not only classed 
them all as of mesozoic age, but even attempted to correlate them to particular 
horizons of that period; and moreover after a dcti^lcd examination of the flora of 
the Australian coal-measures declared that it was not nearly so ciosely related to 


’ The Australian scries as paposed in the districts between Sjdncy and Newcastle,and the 
ronntry west nf that place is divided by Australian geologists as tbilows. The noineucluture of the 
subdivisions, especially in the Ipwer part of the serres, is not fixed, but the terms given below will 
be used in this paper. For the series as a whole T shall use the term Carbonaceous, suggested by 
I'rof. McCoy. 

1. WianamatU shales. 

2. Hnwkesbury sandstones. 

3. Newcastle beds,—or upper coal-mensnres. 

4. Upper marine beds with carboniferous fauna, 

t 6. Stony Creek beds,—or lower coal-measures. 

6. Lower marine beds with carboniferous fauna. 
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that of the Indian beds as bad been snpposed, and tbafc it could consequently not 
be appealed to as proving the palenozoic ago of the Damndas in India. 

But in Australia the dispute was not confined to the conclusion to bo drawn 
from acknowledged facts, but, strange as it may seem, the 
Conflict ns to facts of yg^y fundamental facta of the superposition of the beds 
lia. was disputed. At the base of the sandstones and shales 

containing seams of coal and known m the Newcastle beds 
there is a great thickness of bods from which a marine fauna, clasely related to 
that of the carboniferous period ia lOurope, has been obtainid.^ These marine 
beds are divided into an upper and a lower sub-division by band of sandstones 
and fine conglomerates containing some seams of coal, ^d as these beds yielded 
species of Glossopteris and other similar forms whijjli were declared to be 
characteristically mesozoic, it was assumed that the superposition of these beds 
by others containing a palroozoic fauna must be only apparent and in reality 
due to inversion or faulling. 

Such a conclusion however could nbt be allowed by any one who had seen 
. . , the ground w'here these bods aro exposed. The section is 

escnption o section, foi-tunately easily accessible by tlie Great Northern Bailway 

starting from Newcastle and the beds ai*e well exposed in the frequent cuttings. 
There are two exposures of the.so lower coal-measuro.s on opposite sides of an 
anticlinal, one at Stony Creek, 2 miles west of Branxton, and the other at Greta, 
10 miles further west. At both places the dip is moderate and steady, to east- 
south-east at Stony Creek, to west north-west at Greta; at both places the 
section is practically continuous, and the marine beds may he traced dipping 
under the coal seams and a short wsiy above them again reap})eariDg. The re¬ 
appearance of the seam on the opposite side of the anticlinal, and the absence of 
any duplication of the seam sire conclusii'e agsiinst any theory that the appearances 
are due to inversion or strike fualts, wlnlc if further proof were necessary it 
would lie found in the fact that both at Stony Creek and Greta shafts have been 
sunk through the marine beds into the coal, and at the former place through it. 
into more marine beds,a • thus clearly showing that the coal measures aro inter- 
bedded with the marine beds. 

It is unfortunate for our present purpose that none of the sub-divisions of 
the Gondwana scries in India can be definitely and directly 
_ No Gondwana lion'zon correlated with any 'of those of the cai’honaccous series as 
N^wS^toW^lSs^tioIf, exhibited in tl.e Newcastle section where their relative 

position is clear and free from doubt. But in Victoria 
there are some beds containing Gangamopfen's, known as the Bacchus Marsh . 

beds, which seem to bo the equivalents of the Talchirs. 
rf to represent- the.se Bacchus Marsh beds is poor, consisting, 

so far as is known, of only three species of Gangomopferis ; 

» According to De Koninck (quoted in Rev. W. B. Clarke’s « Remarks on the sedimentary 
formations of New South Wales,” 4th Edition, Sydney, 18?8, Appendix XVl " C,” pp. 144-148) oat 
of 249 specie* known, 81 are found in tlie carboniferous beds of Europe. 

For a filler account of the stratigraphy of those beds, and the history of tliis dis)rate, see 
Bev. W. B. Clarke’s “ Remarks on the sedimentniy formation of New South Wales,” 4th Edition, 
Sydney. 1878. » 

* I ant Indebted to Mr, C. S. Wilkinson for this information. 
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but, as Dr. Feistmantel has shown, of these three species one is identical with, 

Paleontological another closely allied to, species found in the Talchir beds 
of India. 

But their paleontology is not the only connection between the two, for, like 
the Talchirs, the Bacchus Marsh beds contain abundant 
evidence of the action of floating ice. According to the 
late Sir R. Daintree, there are “strata, mainly composed 
of fine mud, dotted’throughout with various sized, generally rounded, pebbles, 
and those pebbles n^Ostly unknown in the vicinity, and some not yet seen in place 
so far as the Geological Survey has extended a minute examination* furthe/ on 
he says that “ blocks or granite,” in some instances over a ton in weight, are found 
embedded in a matrix of ^oft mud;”* and in the last progress report by the Secre¬ 
tary for Mines in Victoria, Mr. Murray states, on the authority of the late Sir 
R. Daintree, that some of these granite boulders resemble no granite that occurs 
as a rook-mass nearer than Queensland.' 

It is impossible to account for the formation of such beds as those except 
by the agency of floating ice in large masses, and as both 
glacial Talchirs and the Bacchus Marsh beds show that when 
they were deposited the climate was much more severe 
than that now prevalent, wo may take this as indicating that during their deposi¬ 
tion there was a widespread glacial epoch corresponding to that which is known 
to have occurred in post-tertiary times. This consideration, whatever weight 
might bo attached to it if stood by itself, may certainly be said to corroborate ^ho 
fossil evidence, and we may consequently take it as certain that the Talchir and 
Bacchus Marsh bods are the representatives of each other.' 

I am not aware that any attempted correlation of these beds with a definite 
horizon in New South Wales was published before Dr, Feistmantel in 1880 gave 
it as his opinion that they were the 'equivalents of the Hawkesbury sand¬ 
stones. This opinion, so far os I can glean from his published writings, was 
based on the so-callcd lower mesozoic facies of the Bacchus Marsh flora, and 
was supposed to be confirmed by Mr. C. S. Wilkinson’s discovery of what he 
Correlated with believed to bo evidence of glacial action in the Hawkes¬ 
bury sandstones. Mr. Wilkinson thus describes this evi¬ 
dence—“ In the sections exposed in the quanles at Fort 
Macquarrie, Woolloomooloo, Flagstaff hill and other 
places, may be seen angular boulders of shale' of all 
sizes up to 20 feet in diameter, embedded in the sandstone 
in a most confused manner, some of them standing on end os regards their strati¬ 
fication, and others inclined at all angles. They contain the same fossil plants 
that are fo»nd in the beds of shale from which they have evidently been derived. 
These angxilar boulders occur nearly always immediately above the shale-beds, 


Hawkeebury beds by Dr. 
Feistmantel. 


Glartal action in 
Hawkesbury sundstouea. 


' Geological Survey. Report on the Geology of the District of Ballan by Richard Daintree. 
Uelboume, 186S> p. 10. 

* mi., p. 10 

• Geological Survey. Progress report by the Secretary for Mines, Melbourne, IdSl, p. 80. , 

' See Peiittnantel, Rec. G. S. 1. XIII. 257 (1880). 

Which is interbedded with the sandstones. 
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and are mixed with very rounded pebbles of qtiarfcz; they are sometimes sHgbtly 
cnrved as though they had been bent while in a semiplastic condition, and jihe 
shale-beds occasionally terminate abruptly as though broken off.” * 

Although it is difficult, if not impossible, to account for those appearances, 
except by the action of ice in some form or other, yet it is 
evident that they are by no means comparable with the 
****** ' proofs of glacial action oxhibited by the Bacchus Marsh 

beds. The angular form of the fragments of shale showa*that in some manner 
or other they must have been indurated before disturbance, and it is impossible to 
account for this induration of what must then have been recently deposited mud 
except by the freezing of the interstitial water. This sqp/osition would accord 
with the general nature of the evidence, whicb indicates the action of ground-ice 
such as is formed during the severe winters of North America rather than the 
presence of large masses of floating ico; and hence does hot necessarily indicate 
so severe a climate as that afforded by the Bacchus Marsh beds of Victoria. 

But there are in New South Wales^ conglomeratic beds* which are strictly 
comparable with those of Bacchus Marsh; these are the 
Glacial action ia lower marine beds with carboniferous fauna. Nos. 4 and 6 of 

beds of New South Wales, schemo on page 40 (note). I am not aware of any pre¬ 
vious published notice of the evidence of glacial action 
they afford, but as long ago as 1861, the lithological resemblance between bods of 
presumably the same age in the Wollongong district and the bonlder-bods of the 
Talchirs was noticed by the late Dr. T. Oldham,® and when looking np the 

1 Notes on the occurrence of remarkable boulders in the Hawkeshury rocks by C. S. Wilkin¬ 
son, F.L.S., O S., Govt. Geologist. Trans. Hoy. Soc. N. S. W., Vol. XIII, page 105 (1884). 

^ Mom. G. S. I., Ill, p, 209 (1863). As tlie volume is out of print and difficult to procure, I 
reprint the passage referred to, as it is of interest in the present juncture. 

Speaking of a collection of specimens of Australiau rocks procured and sent by Sir William 
Denison, he says,— ^ 

" And still farther, many of the lower beds of the Australian group, there so abundantly rich 
in marine fossils, are very similar to many of the beds in ttic Indian TalvMr aeries. There ia the 
same mixture of pebbles, and large rolled masses in a matrix of fine silt; and much of this silt is of 
exactly the same peculiar bluish-green tint, so characteristic of these beds in this country, and 
which, once seen, can never be mistaken. < 

I would not be misunderstood as desiring to give any great weight to a similarity in mineral 
texture or lithological aspect, in attempting to asuertaiu the true position of these rocks. But 1 am 
satisfied that this identity has a value, and by no meaua a light value, when, taken in connexion 
with every other point of evidence which is available, it is found in all oases tending to turn the 
balance in the same direction. And, basing my views on these considerations, I ventured to hold 
out a prospect in anticipation that future researches would enable a more accurate and detailed 
panillellsm to bo established between the rocks in both these conntiies, portioni of whicb were 
now known to be synchronous, and that, while in all probability it would be found that starting 
from the common datum line of the coal-bearing rocks in either land, the sequence upwards would 
be established from Indian researches in this country, apparently supplying links wanting in 
Australia; on the other hand we should be enablfd to supplement the evidences of the succession 
downwards (which is deficient in India^ by a reference to Australian groups. As yet we have not 
been able to trace the existence of any marine deposits in'tfais country of the same age as the 
' Wollongong * sandstones of Australia, but there is nothing whatever iu the few plants which 
occur in our Talfhir beds which would militate against their being of the same general age (which 
I am disposed to think they ere),’* 
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literature of tliis controversy I was much^struck by the passage. That any special 
stress should have been laid on the resemblauco was not to be c^epected, for when 
the words were written the glacial origin of the Talchirboulder‘l>ed had not been 
universally acknowledged, iho very idea of a glacial epoch was still stmnge, and 
no dtxe had yet dreamed of a palajozoic glacial epoch, still less of using such a 
conception in the correlation of distant deposits. But when I found that in Mr. 
W. T. Blanford’s reply to I )r. Feistraantel * no notice wa.s taken of this Te.sem- 
blance, although Mr. H. F. Blanford’s suggestion, that the glacial beds of the 
Permian in Englnfnd and the Talchirs in India were contemporaneous is quoted, 
I concluded that private information of later date had led to a modification of 
the views expressed as to the lithological resemblance of the beds. 

Nevertheless I determined to pay special attention to this point, and was not 
surprised on visiting the section west of Newcastle, to find that the marine beds 
showed abundunt traces of glacial action. Blocks of slate, quartzite and crys¬ 
talline rocks, for Uie most part sub-angular, are found scattered Ihrongh a 
matrix of fine sand or shale, and these Isitter beds contain delicate Fenestdhv and 
bivalve shells with the valv'es still united, showing that they had lived, died and 
been tranquilly preserved where they are now found, and proving,*as conclusively 
as the matrix in which they are preserved, that they could never have been 
exposed to any current of sufficient force and rapidity to transport the blocks of 
stone now found lying side by side with them. These ineduded fragments of 
rock are of all sizes, from a few inches to several feet in diameter, the largest I 
saw being about 4 feet across in every direction as ex})osed in the cutting, and of 
unknown size in the third dimension ; but I Avas informed by Mr. Wilkin.soa.' that 
in these same beds ho has seen boulders of slate, &c., Avhose dimensions may bo 
measured in yards. 

It is impossible to .account for these features ox(?ept by the action of ice float¬ 
ing in largo mas.ses, ® and I had the good fortune lo discover, in the Railway 
cutting near Branxton, a fragment beautifully smoothed and striated in the 
manner characteristic of glacier action, besides at least two others which showed 
the same feature, though obscurely. This seems to show that the ice wa.s of the 
nature of icebergs broken off from a glacier which descended to the sea-level. 

Beds of similar structure and indicifting a similar mode of origin are also 
found at Wollongong, .south of Sydney, and in the Blue 
^Glacial Mountains. Though these have not been traced into 

MonntidnB; connection with the marine beds west of Newcastle, the- 

similarity of their position, fauna, and physical aspect, all 
leave little room for doubt that they are of the satne age. 

lu Queensland beds of similar a.spcct have been described by Mr. B. L. Jack. 


and in Queensland. 


These beds—also of marine origin, and indicating the 
presence of ice floating in the sea by which they were 


> fiec. G. S. I, XI, page 148 (1878). 

’ fionghly speaking, it may be said to take' 16 cubic feet of fresh-water ice floating in sea¬ 
water to float a cubic foot of granite, or 14 cubic >'ard8 to float 1 ton. It must bo roinembered 
that many of these fragments probably came from a distance, and that the ice ivas melting all 
the while. (These flgures must be reduced by two fifths if the rook is supposed to be immersed. 
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deposited contain 22 species of fossils, so far as the fauna is known, and of 
these 15 are common to the Now South Wales marine oarboniferous beds, the 
other 7 not having as yet been found to the southwards. 

From what has been said it will be seen that over the greater part of Eastern 
A " lacial e oh” Australia beds are found which, by their included foSsils, 
are shown to bo homotaxially equivalent, and which agree 
in indicating that during their deposition the seas under which they were formed 


bore on their surface masses of floating ice such as are now only seen in much 

higher latitudes than aro occupied by any part of Australia. It would seemt 

then, that towards the close of the palu'ozoic era there w^ a widespread glacial 

epoch effects were felt over the whole of what is now Eastern Australia, 

and, if we allow this form of argument at all, it is to this 

to wliich the Biw-chus period that we must refer the Eacchns Marsh lx>da rather 
Manh beds slumid be * 

retericd. than to that of (he Ilawkesbury sandstones which do not 

indicate so sevei-e a climate. 

The palaeontology unfortunately does not help us to a definite conclusion. 

Gangamopf- ris, the only genus known from the Bacchus 

Palseontological evl- ^farsh beds, has not so far been found either in theu lower 
dence, , 

coal-measures of New South Wales, or in the Hawkesbury 

sandstones, bat from tlie Newcastle beds, intermediate between tbem, two species 

of Oantjauiopteris have been obtained® of which ono is identical with, and the other 

allied to, Bacchus Marsh forms. 

The floni of tho lower coal-measures comprises 7 species belonging to 4 genera ;* 
of these, 4 belong to the genus Oios-iopttsri'i ; this latter is therefore, so far as the 
flora is at present known, tho predominant genus, as is also the case in the New¬ 
castle beds; further, one species, G. hrowniana, is also found in the latter; and 
besides this, the genera Phyllotluca ami Noqtjerathiopsis are common to the two 
floras, while Annularia is tlie only genus which has not, so far, been found in the 
Newcastle beds. 

Tho Hawkcsbmy beds have only yielded two species of plants; in both cases 
the genus is represented in the Newcastle flora, and in one case, Sphenopteria 
alata Bgt., the Newcastle form, is only separated as a variety by Dr. Feist- 
mantel. But if we group the Ilawkesbury and Wianamatta beds together, as 
Dr. Feistmantel has done, wo have 8 species belonging to 7 genera, of which but 
1 species and 3 genera are common to the Newcastle flora. 

From the facta just detailed it will be seen that so far as there is any balance 


* Report on the Bowen River Coalfield, by B L .fack, P. Q. S., Brisbane, 1879. 

* G. angusltfoUa, McCoy, and O clukeana, Fbtm., the latter being represented by O. 
tpalhuiata, McCoy, in the Bacchus Marsh beds. 

* The flora of the lower coal-measmes according to Dr. Feistmantel (Tr. Boy. Soo. K. S, W., 
XIV, 103) 1880, is as follows 

Phyllotheca auslr<*ti» Bgt* 

Annulana austretht Pstm. 

Qloatoplerts browniana Bgt. * 

„ „ V. prceeursor Fsttn. 

* O. elegans, Fstm., Q. prtmoBva, Fstm., O. clarkai, Fstm. 

Xdygaratktopttt pruoa, Fstm. 
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at all, tbe Newcastle flora is more closely allied to that of tlie lower coal-measures 
than of tho Hawkesbnry beds. * 

As regards the stratigraphical relations of the beds, the Newcastle coal-measures 
are, so far as is known, perfectly conformable to the lower 
den^^^*^^*****^ beds. On the other hand, though no uncon¬ 

formity has been traced between the Newcastle and 
Hawkesbnry beds, yet if the coal-measures in the Blue Mountains are the ropre- 
sentatives of the former,—and tho balance of probability is'very much in favour 
of this supposition,—there must bo an unconformity and overlap of the Hawkes- 
bury sandstones on tho beds below them. 

Taming to Victoria, we find that besides the Bacchus Marsh b|||^the only 
other rocks which can bp referred to any portion of the carbonaceoue series in 
New South Wales, are what are known as tho Tieniopteris beds which are 
shown by their included fossils to be homotaxial with tho Wianamatta beds or 
those immediately above them. Owing to the large surface covered by lava 
flows in Victoria, tho exact relation of tho Ttfnioptpris and Oangamopteris beds is 
not known, the two not having been found in contact; but there can be no doubt 
that the latter ai*e completely overlapped by the former, which are frequently 
found in immediate contact with the silnrian slates. I was further informed that 


the difference in the degree of indumtion of the two was such os to indicate a con¬ 
siderable difference of age, so that it would be improbable that they could belong 
to two periods so close to each other as the Hawkesbnry and Wianamatta periods. 


Seeing, then, that the palaeontology and stratigraphy of the beds, so far from 


Contemporaneity of 
Talchir and carbonifor- 
ous marine beds. 


contradicting the conclusion derived from tho evidence of 
glacial conditions, ai'e either neutral or support it, we may 
conclude that the carboniferous marine beds of Now South 


Wales are the most probablo equivalents of the Bacchus Mainh beds of Victoria 
and hence of the Talchir beds of India. 

As a corrollary from the above conclusion, it would follow that the Damudas 
and Newcastle beds are far more nearly contemporaneous 

das^^^NewcMtle^^' allow, and that tho Q-oudwana 

series as a whole ranges from towards the latter end of 
the palffiozoic into the secondary era, representing in part the interval between 
those two eras of European geology. 

This was the opinion long held by the members of tho Geological Survey of 
India, and was first sei’iouBly questioned by Dr. Foistmantel, who ascribed all the * 
sub-divisions of the series to horizons in the njcsozoic rocks of Europe, and also 
declared thai; the affinities between tho Damuda and Newc. stle floras were not 
such as to justify their being regarded as homotaxial. 

It will be necessary therefore to sec what those affinities are, and whether the 
difference between the two floras is such as to invalidate tho conclusion I have 
formulated above. 

To begin with, both floras are marked by tho predominance of the genus 
Palnontolo^oal rola- dlostopterisy which, in the Newcastle flora, comprises 9 out 
tions of Damuda and of 26 spepies, or 35 per cent, of the total number of species, 
Kewoastle beds. jg species out of 63, or 30 per cent, of the total number 
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of species in the Damnda flora; of these, one species, Q. brovomanat is identical 
in both cases, an^ 3 Newcastle species, Q. linearis^ O. ampla and Q. pdralleldt 
are represented by the allied Damnda species, O. angustifolia, O. eommunif and 
O. damudiea. The genus Phyllotheca is represented in both floras, and the AxiStnu 
lian form is allied to, and was long considered identical with, the P. indioa Of the 
Damndas. Vertebraria is found iu both series, and is only known elsewhere from 
the “ Jurassic” beds of Siberia. Sphenopteris alata Bgt, is ainother species repre¬ 
sented in allied forms in the Damnda flora, and the species Qa^amopteria angua- 
HfoUa, McCoy, is common to the tv o floras. Besides these the genus Ndgger* 
athiopsis is represented in both floias, so that wo have in all 6 genera and 
2 species common to the two floras, besides 5 species represented by allied forms. 
On the other hand there are 3 genera out of a total of ^9 not represented in the 
Damnda flora. , 

It may be that the resemblances between the two floras are not sufficient to 
justify our placing them, oven approximately, on the same horizon ; yet it cannot 
be said that the differences are such as to preclude the beds from which they were 
obtained from l>eing regarded as, at any rate, approximately homotaxial with each 
other. I avoid the word contemporaneous for, thongh I think that probably it 
might be used iu connection with the Talchirs and Bacchus Marsh beds, I see 
no possibility Of arriving at any conclusion as to whether the Damudas and New¬ 
castle beds were or were not contemporaneous; in all probability the two pmiods 
overlapped ipmcwhat, and tlie affi^iities between the Hawkesbury and Wiano- 
matta floras and that of the Damudas, as well as the internal evidence of that 
flora itself, would indicate that the latter was probably of somewhat later date 
than the Newcastle period. 

In the foregoing pages I have not alli^ded, except incidentally, to the position 
of either the Australian or the Indian coal-measures in the European sequence. 
This question is altogether too large and complicated for me to take up at present 
when debarred from access to any scientitic library, and has besides been already 
so well thi-eshed out that I could hardly gather any grain by going over the 
straw again. This same cause—want of access to books—has prevented mo from 
giving as fuU references to previous literature as I should have wished to do ; but 
1 have endeavored as far as possible to acknowledge my indebtedness to previous 
writers, and in conclusion I can but express my obligations to all those who 
assisted me in my enquiries during my visit to Australia, and in particular to 
Mr. 0. S. Wilkinson, Government Geologist of New South Wales, and Mr. B. F. 
Murray, Government Geologist for Victoria,, for the unreserved maimer in which 
they placed all their information and experience at my disposal. 

# 

Camp, Ajhere, 

2nd November 1885. 
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Afghan and Persian Field notes, hy 0. L. Gkibsbach, F.G.S., Deputy Bnperin- 
tendent, Oeoloyical Survey of India^ on duty with the Afghan Boundary 
Oommiasion. 

Introduction. —Since writing my last short report on the geology of the Herat 
province,' I have been moving about the Herat valley and Eastern Efaorassan, 
whenever I could obtain permission to do so from Her Majesty’s Commissioner. 

Prom Bala Mtu^liab, where our Commission remained during the extreme 
cold weather of last winter, wo moved about the middle of Pobruaiy last, 
marching vid Kila Haiir and Chaman-i-Bdd to Gnlrdn. There General Sir 
Peter Lumsden, G.C B., gave me permission to examine some of the ranges in 
Eastern Khorassau, and accoixlingly I spent some time in studying the rocks of 
the Bezd and the Estol I’anges, rejoining the Comnussion at Tirpiil. Prom there, 
I made a short trip to the Goshakh range, and afterwards went for some time 
to the hiHs north of Herat. Later on an opportunity occuired to visit the 
Dav^ndar range east of Herat, and the march of the Commission to Thagan 
Bobat gave me an opportunity of revisiting the Turmust range. In August last 
Colonfel Sir West Ridgeway, K.C.S I., gave mo permission to go again to 
Eastern Khorassan, where I remained over two months, extending my excursions 
as far west as the turquoise mines of the Nisbapur district. 

I have already given a short sketch of the geological structure of the Herat 
province as far as it has come under my own observation.^ I have^ little to add 
to this and some to modify. In publishing these notes now, it must be clearly 
understood that many of the observations contained in them may hereafter have 
to be modified when the maten’al brought together will have been worked out 
and compared with collections from other parts of the world. 

The following formations aro repi’esonted in the Horat valley and Khorassan:— 


Recent and aerial. 

1 

Alluvial deposits, fans, blown sand. 

Igneous rocks. 

Fosi-tsbtiaby 

“ Lot-ss” befls, with tnaminalinn hones, of IkdKhis. 
Red and white clays with sandstone and gypsum 
deposits. 

Oonglomerate and sandstone 'i j 

Plant shales ) ^ 


Miocbsb . 

• 

Calcareous sandstone and clay^, with Ostrea multi- 
costata Dosh. in Rndghis and Kliuf. 
Conglomerate and sandstone of Firniman near 
Mashhad. 


Eoobbb . 

Qrej shaly limestone with Brachiopods. 

Coral limestone with nummnlites. 

Qrey shales And limestone with nnminulites. 

Rhyolites and tra« 
chytes. 


' Roc. Qeol. Surr. of India, Vol. XVllI, Part I, page 67. 
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Beceat aud aeriaL 

Allavial deposita, fans, blown sand. 

Igneous rooks. 

Cbbtaobous . 

( Coral limestone with Hippnritea. 

Upper 1 Inoceratnus cripsi, Mant., zone. 

(. Light-coloured marls. 

T nwor f ahales. 

(, Trigonia limestona 

Basaltic rocks. 

Syeiiitic granite. 

• 

n\ r 

P Jurassic and J 
S rhetie . ] 

di / 

s \ 

g .5 Trias and S 
n [3 porminn. 2 

£/ 

Red grit group; marine limestone with Brachio- 
pode; Paropamisus, Eetoi range, &c. 

Sandstone with marine fossils and Gondwana 
plants, Gaukharebang pass, &c., &c. . 

Marine limestone,- Kclnt-i-Nailri section. 

Congloinerntcs, Brachionod limestone, sandstone, 
green shales, thin leafy coal and plant-remains. 

Kholi Bioz section, &c. ePalezkar beds. 

Melaphyre and great 
masses of felsite por¬ 
phyry, 

Melaphyre. 

• 

CiBBOHirRBOUS 

Massive dark limestone and sandstone with many 
fossils ; Diiv4ndur range, &c., &e. 


Old SB i’AUBOzoio . 

Limestone and calcareous sandstone; fossils; 
Dehrnd pass. 

Trap. 


The hill ranges of the Herat province and Eastern Khorassan are all structural¬ 
ly connected, and form long and generally parallel lines of anticlinal folds, which 
nearly all show much the same succession of beds. The intervening wide troughs 
of the valleys are filled by tertiary and later deposits. By far the largest share 
in the structure of these ranges belongs to the beds of the plant-bearing (permo- 
trias and Jurassic formations) and to the cretaceous systems. The cai'boniferous 
and older paleeozoic rocks I only met in a few sections. 

Palceozoio roehsj carboniferous and older paloeozoic formations. —I found rocks 
belonging to these systems in the Davcndar and the Doshakh ranges in the Herat 
province, and in the Bizd and Binalut ranges of Khorassan. , 

The most complete section of paleeozoic rocks I have yet met with in Khoras¬ 
san, is the one between the villages of Dehrfid and Gulistdn on each side O'f the 
Dehrdd pass, which crosses the Binalut range south-west of Mashhad. The 
structure of the range is that of an anticlinal fold, in some places showing inver¬ 
sion and much disturbance of the strata by crushing. Igneous rocks, too, obscure 
a great deal the actual succession. The carboniferous and older rocks are seen 
between the village of Dehrdd (4,800') and the top of the pass (8,750'). 

Lower carhoniferous or devontaff, Behrud pass. —The oldest rook in situ appears 

* 0 
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to be a calcareons sandstone of dark grey to purple colour, with an indurated 
limestone which contains some few fossils, amongst which a Productus and Orthis 
(?) seem the commonest forms. The beds dip to the north about 35° to 40°, and 
are conformably overlaid by Productus-Hmestono of the carboniferous system both 
on the north and south side of the pass, and the latter by hardened greenish-grey 
shales and intei’stratified trap (melaphyre). 

Binahit range .—I crossed afterwards tho Binalut range further to the north¬ 
west, from Madan to Chinaran, but tho route proved more or less useless to mo, 
as it winds in and out of a wide depression in the range, along which nothing 
older than cretaceous rocks are exposed, 

YaTddti range.—In a line south-east of the Binalut range is a lofty chain of 
hills, which on our old maps is named the Yakt^u range, a name which seems 
unknown in that part of Persia. The high peak at the south-east termination of 
the chain is called tho Bezd hill. When I visited it in March, I crossed it twice, 
but it was still thickly covered with snow, and consequently I had to keep near 
the lower slopes and the passes, where .little of tho rocks in situ is found. I was 
however able to make out the structtxre of the range, which is similar to the Bina¬ 
lut range, inasmuch as it is formed of a high anticlirfal fold of carboniferous rocks, 
flanked by the penuo-tnassic plant-beaidng series. The carboniferous rocks con¬ 
sist of solid grey (mostly very dark) limestones in bods of one to two feet thick 
containing many chsirsicteristio carboniferous fossils, corals and Brachiopoda. 
Iron pyrites and small nests of antimony are found in many places in the range ; 
the latter is extracted near Rawand and used by the natives. The plant-bearing 
series, consisting of green and grey shales with sandstone and conglomerate, ap¬ 
pears to rest quite conformable on tho older rocks. 

Doshakh range .—Continuing tho strike of tho Yaktan range, one reaches tho 
Doshakh peak, on Avhoso north flank I found again carboniferous rocks. The 
Doshakh range assumes a more west-east to north-east stiake, and is in a lino 
with the Davendar range east of Herat. The north flank of both ranges consist 
of carboniferous x*ocks overlaid by the plant-bearing series, and tho whole appears 
to have formed an anticlinal fold, the southern half of which has subsided along a 
line of fault, which has now brought cretaceous limestones in close and abrupt 
contact with the palteozoic rocks. This feature is well seen at the north foot of 
the Doshakh peak itself and in the hills north of Pahri, where hippuritio lime¬ 
stone is faulted against carboniferous limestone with Product!, die. It will thus 
be seen that the structure of these four ranges is precisely the same, and that 
they must therefore be considered as belonging to the same system. The Doshakh, 
Yaktin and Binalut ranges form part of the great Centra’ Asian watershed, and 
it would have been of the highest importance to follow up the continuation of this 
line to the cast into the ranges which form the upper Hari Rud valley; it is a 
matter of regret to me that I was not allowed to avail myself of the opportunity 
offered by the presence in this part of the world of a mission composed of British 
officers, to cany out my researches to a legitimate end. 

Tho minor ridges on the north side of the Doshakh range, including the 
Robat-i-Pai peak, are composed mainly of a great thickness of carboniferous beds 
which have an average dip to the north-west. 
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. I ascended the stream which flaws from the foot of the Doshakh peak moxf 
or less in a north-westerly direction and which irrigates a considerable extent 
land near the village of Kashmarii. 1 found in desoending order 

4. Near Kashmard hard reddish-gi*oy sandstone, somewhat resembling tba 
Chnnar (Vindhyan) sandstones; regular flaggy beds, weathering dark-purple and 
black, and then resembling igneous rook from a distance. Dip 40° north-west, 

3. Grey splintery and hard shales with ferruginous partings and irregular beds 
of hard dark limestone. No fossils. Several hundred feet thickness, weathers 
greenish-grey with brown ferruginous spots. Jointed ; dip 50'' north-west. 

2. Impure earthy limestone of dark colour, overlaid by hard grey calcareopa 
sandstone in thick beds. Dip 70° north-west. The limestone contains many 
fossils, mostly Bi’achiopods, Athyris roiasyi, Productus sp. &c. 

1. Near the Doshakh ziarat. Black or dark-grey very friable shales, alter¬ 
nating with ferruginous impure limestone breaking into jointed fragments; the 
limestone weathora a brawn rusty colour. A few Brachiopod remains, badly pre¬ 
served. Dip €0° north-west-by-north, , 

The beds of this scries aro here, near the foot of the Doshakh peak, fenlted 
against the upper cretaceous limestone, which composes the peak itself. , 
Along the lino of fault, which is nearly from oast to west, the Zinjatak vaUey 
and pass hiis been scooped out by denudation. Some igneous rocks (melaphyres) 
have protruded along tho fault, and have greatly obscured the actual contact of 
the palasezoic with tho cretaceous series. 

GkiUinykhah pass .—The pass over which the road from Pahre to Zindijan 
leads, and which seems known as the Chillingkhak, exposes a similar section to 
the above. A few miles north of Pahre tho cretaceous series abruptly ends, 
and the fault already noticed at tho Doshakh brings tho carboniferous rocks in 
close contact with the hippuritic limestone of the Pahre hills. The carboni¬ 
ferous system consists here of a great‘thickness (probably 2,000 feet) of hard 
dark-grey limestones, sandstones and splintery calcareous shales with many 
traces of Produeti, Fenestella, &c. Tho beds dip to tho north, at 30“ to 40% 
below tbe recent fan deposits of tho Hari End valley. 

Bobat~i~Pai, in the Doshakh range. — A. ravine runs in a northerly direction 
through tho spurs which jut out from the group of high peaks known as tho 
Eobut-i-Pai. At the head of tho ravine is the ancient and celebrated shrine 
of the “Sacred feet.” I may here mention that tho depressions on the waterwom 
sides of the ravine, which (with a little artificial help perhaps) resemble somewhat 
tho shape of gigantic human foot-marks, are nothing else bnt water-worn hollows 
in the rack, of the same nature as are the well-known pot-holes. Some years ago 
a deadly strife originated when some devotees of Mashhad nearly succeeded 
in caiiying off those sacred marks. Soveml had already been removed by care¬ 
fully under-cutting and chipping off of tho block on which tho marks existed, 

when the perpetrators of tho deed wore .caught in the act,_and of course mot 

their reward. The entire mass of the Eobat-i-Piy peaks consists of thick even 
beds of hard dark-bluo limestone with calcspar veins, with some hard grey sand¬ 
stone, both of which contain many carboniferous fossils. I recoguised amongst 
them Productus semireliculatus, Athyris roissyi, Fenestella, and other carboniferous 

D 1 
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fossils. Tlie beds dip 60° to 75° nortb, below the recent deposits of the Hari Rnd 
valley. 

Davendar range. —The Dav6ndar range consists of the main ridge, rising 
to over 11,000 feet in height in one or two peaks, with outer parallel ridges, 
the whole forming an anticlinal arch, the lowest beds of which are found not 
in the main range but in the auxiliary range north of the Davendar, running 
parallel with the latter, and in which the Sang-i-Ajal and Kholi Bias are situated. 

I crossed this outer range between Jadza and Naorozabad near the Kholi 
Biaz hill, and fou^d the latter to consist of carboniferous strata, represented 
by hard, dark, splintery limestone, containing many Producti, FencstellsB, Crinoids, 
4c., characteristic of the carboniferons limestone of the Himalaya. Not much 
of these beds is exposed; both flanks of the Kholi Biaz, Avith the Davendar 
range to the south of it, consisting of younger strata, belonging to the plant¬ 
bearing series (permo-trias) which I shall describe below. 

Igneous rocks of the older palaeozoic. —Igneous rocks are found in the neigh¬ 
bourhood of all the carboniferous locqlities which I described, but they belong 
most probably to the’uppcr jarassic epoch, during which enormous outpourings 
of melaphyre took place. Only in the carboniferous scries of the Dehrud pass 
of the Binalut range have I found trap apparently interstratified with Productus- 
limestone. 

The permo-trias and jurassic formations. —Towards the close of the carboni¬ 
ferous period a change of physical conditions seems to have occurred in the entire 
Central Asian area. The beds which rest in all the sections of the Herat province 
and Khorassan upon the upper carboniferous rocks, consist of deposits 8uch«as are 
formed near a coast line and near the estuaries of great rivers, namely conglo¬ 
merates, sandstones and shales, which not only contain marine fossils but also 
plant-remains. In several sections which I examined I found great thicknesses of 
plant-bearing sandstones, probably depo.sited n» ar or in the estuaries of rivers, 
alternating with irregular deposits of massive limestones containing many marine 
fossils. I believe therefore that the present watershed of the Binalut-Yakt&n- 
Doshakh ranges, south of which I have not found any beds of this plant-bearing 
series, also marks more or less the old permo-trias coast line. 

From" the observations of Blanford,^ Grewingk,* H. v. Abich,* and others, 
it appears certain that the same beds occupy laigo areas in the Klburz range, 
and in the Armenian provinces of Asia Minor. From Mushketoff’s researches 
in Central Asia it also appears that the same group of strata are found over 
a large area in Russian Turkomania, near Tashkend, Samarkand, 4o. 

I found beds belonging to the plant-bearing system on the flanks of the 
Binalut, the Yaktan, Doshakh and Davendar ranges, and the Paropamisus, Estoi 
and Jam ranges are almost entirely made up of rocks belonging to the series. 
It would be of the highest importance to trace these littoral formations 
eastwards until a junction could bo effc^'ted with the Himalayan marine beds of 
the same age. 

> East Persia, Vol. II, by W. T. Blanford. London, 1876. 
s Qrewingk: die geogn. nnd orogr. Verbsltn, d. uoi-dl. Persiens, 

* Vergl, geogn. Qrandziige,ic. 
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The sjstem is capable of being divided into the following gronps 

Orerljinir Crettrcous b edt. 


Tithoviak 

Light-colonred sandstones and grits with plants; marine beds with 
fossils. 

UPPBB JUSASBIO 

Red grit group. 

Lowbb JUBABSIO AKD C 
I.IAS . . .) 

• 

Marine limestone. 

Green sandstone with Qondwana plants. 

Limestone with Brachiopods. 

RH£TI0 tbias and pbb- i 

UIAM ( 

Limestone with Brachiopods. 

Siiudstones, congloniurates and green plant shales. 

Underlying Carboniforons limeitone. 


1. The plant-bearing system in Afghanistan. , 

In describing the carboniferous of the Davendar I have mentioned that the 
auxiliary range north of and parallel to the Dav4ndar is partly composed (near 
the Kholi Biaz and Sang-i-Ajal) of carboniferous limestone. This is overlaid on 
each side by younger rocks, belonging to the plant-bearing series, and by great 
outbursts of igneous rocks (mostly melaphyres) belonging to the upper jurassio 
group. 

The section on the north slope of the pass between the Sang-i-Ajal and Kholi 
Biaz is in natural order and very clear. It is in descending order, 

14. Red grit group with igneous rocks. Prom about 4 to 6 miles south of 
Naorozabad, extending over the greater part of the valley of the Kurukh stream 
towards the north, red grits with purple and greenish conglomerate, volcanic 
breccia and tufa, and a dark trap rock are in situ, deeply eroded into ravines by 
the streams draining into the Kurukh river. Tho dip is variable, but on the south 
side of the valley is chiefly to the north and north-west. 

13. Sandstone and hard flinty limestone, alternating with red grit beds,—dip 
about 30®, west to north-west. 

12. Red sandstone and grit with grey sandstone, entirely composed of 
material derived from the older igneous rocks. 

11. Limestone breccia and conglomerate, with limestone beds (traces of 
fossils). The fragments of the breccia are chiefly made up of carboniferous rocks 
and trap. 

10. Great thickness of greenish-grey, very friable shales, with traces of 
plants. 

9. Soft sandstone bed, a few feet thick, of olive green colour, enclosing reed 
stems; with irregular thin-bedded shaly sandstone, containing Yertebraria (?) 

8. A thin coal-bed ,—about 1 inch in thickness. 

7. Gritty sandstone with pebbles, chiefly ot limestone. 
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6. Green slinles interstratified with sandstone. 

6. Green sandy micaceous shales, with coaly particles and some plant impres¬ 
sions. « 

4. Thin bed of i^reenish-grcy fine prit, or coarse sandstone, weathers brown. 

3. Grit, with limestone fragments of the carbonifei’ous group, containing 
fossils. 

2. Hard altered sandstone of felsitic character with shaly beds (phyllite), 
of considerable tlijcknoss, alternating with gritty'beds. 

1. Hard dark-grey to black limestone in regular beds, containing in the upper 
strata numerous crinoidal stems and fragments; also many Brachiopod remains; 
earboniferoua (upper). 

The Sang-i-Ajal and Kholi Biaz hills are entirely made up of beds belonging 
to the carboniferous group, dipping about 65° north, on the north slope of the 
Kholi Biaz, and nearly vertical at the southern base of the pass leading over that 
range. The plant-bearing beds resting on the carboniferous group are quite con¬ 
formable to the latter, and the dip gradually lessons towards the’ centre of the 
Kurukh valley. 

The southern portion of the Davdndar section differs in some respects from 
the Kholi Biaz succession. Descending from Jauza Killah to the pass just de¬ 
scribed, I observed the following beds,—in descending order:— 

7. Igneous rocks (melaphyre) associated with the red grit group; dip about 30 
to 40° south to south-west. The red grit group forms all the lower spurs which 
extend from the Jauza H. T. S. towards the junction of the Kurukh and Herat 
rivers, and may be observed to form also the Jauza hill with the lower slopes of 
it. The dip is rather rolling, but in the main to the south-west. Thick red 
sandstone with grit and conglomerates, and a few thin beds of micaceous shales 
(red) are interstratified and laterally, replaced by igneous rocks (melaphyre). 
Some of the most conspicuous points and nearly all the craggy hills in the ranges 
are composed of the trap. The Jauza hill (over 11,000 feet) is almost entirely 
made up of a dark augitic rock. 

6. Near the centre of the great anticlinal, or rather dome, of the Jauza section, 
I came upon an impure reddish-grey hard limestone, with brecciated beds. The 
limestone is in parts oolitic in structure ; I noticed a few traces of fossils (Brach- 
lopods) north of Jauza Killah, but could not got them out of the rock. The 
beds of limestone are apparently not very regular, though I always found them 
near, or immediately below, the red grit bods. North of Jauza village, in the 
stream which runs into the Kurukh river near they village of Kurukh, the lime¬ 
stone beds' are again seen just below the red grit series, and at that locality I 
found some well preserved Brachiopods, of a rluetic or liassic character. The bed 
is evidently of very varying thickness, for on the north slope of the Zurmust I 
met it in very considerable development. Immediately below it I met— 

6. Calcareous grit and breccia with green shales (phyllites) containing angu¬ 
lar fragments of igneous’rockb. 

4. Reddish and green shales with leafy impure limestone, traversed by innu¬ 
merable veins and joints filled with calcspar. * 
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3t Greenish micaoeona ahalea (ohjlHtes) ; considerable thickness. 

2. Polsitic rock with imbedded trap. 

1. Limestone, conglomerate and grit. 

The lower beds of this section, from 1 to 6, comprise the greater part of the 
section seen on the north side of the Kholi Bia/< hill, beds 3 to 11. This g^np 
of beds has probably been deposited near a shallow coast, and both the lower 
(permo-trias) andthe middle section (jurassic) of the series attain a much greater 
thickness further north and noitih-west, and in Khorassan attain enormous 
thicknesses. * 

The centre of the anticlinal which forms the Davdndar range is therefore not 
to be found in the main range, but north of it, and is marked by the Maltimn. 
stream valley, where the older (carboniferous) rocks are exposed. 

The Kurukh valley, from near the point where the stream leaves the hills 
before entering the Herat valley, to many miles east of the Davdndar hills is 
formed chiefly by the rod grit group. 

The Paropamisus range, bounding the valley on its north side, also forms an 
anticlinal, considerably disturbed by minor faults, and in some places tho beds aro 
so crushed as to leave great doubts concerning their relative position. Fortu¬ 
nately I was able to go over the Zurmust section a second time and thus* satisfy 
myself about the correct interpretation of the sti-ucture of the range. 

The rod grit group with its igneous rocks forms a great trough, in which the 
Kurukh stream has eroded a deep channel. On the left side of the valley the 
beds forming tho group dip nearly north, whereas in the Zurmust range tho red 
grit group and interbedded mclaphyre dip at an angle of 65” to 70” to the south¬ 
east. 

Tho entrance to the Zunnust is occupied by a purple and rod grit, which in 
places becomes quite a conglomerate, extremely hard, and seems to have been 
subjected to alteration near the contdet with the trap. From that point to tho 
height of tho Zurmust pass there is an alternation of grite, red shales, volcanic 
tufa and melaphyre, with an amygdaloid rock. 

The igneous rocks assume much greater thickness towards tho east, tho upper 
Kurukh. 

r»^Ao»ian.—-North of the Zurmust pass, and in the range over which the 
Kashka Kotal leads to Naratu, the red grit group is seen to underlie a group com¬ 
posed of white sandstones and grits with plant-remains, and interstratified lime- 
stones containing marine fossils. 

I had no further opportunity this year of revisiting the Naratd-Kilhati section 
which I have already described in my last notes. But from observations of 
rocks further west it appears certain to me that tho Naratd plant sandstones, 
overlying tho red grit g^up, belong to the tithonian horizon and form a passage 
from tho upper Jurassic into the ncoeomian limestones and marls which are seen 
between Chakan and Kilanad, on the ^oad to Bala Murghab. 

Marhich and Band-i-Baba .—The Paropamisus between the Zurmust pass and 
the Marbich shows nearly the same structure as I observed in the Zurmust 
section, but although the general feature of the range is that of a great anticlinal 
or onticlinals, it has undergone such great disturbances, and tho beds composing 
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it are so maoh shattered, that the true saccesgion of strata could hardly be made 
out anywhere between these points, if the neighbouring region had not afforded 
a key for its interpretation. 

Fault of the Paropamisus .—Between the Band*i-Baba and the Zurmust it 
may easily be seen that a line of fault runs east and west, south of the main 
range; and beds of the middle of the plant series (the red grit group) are thrown 
against and partly thrust over some of the white sandstones and grits of the 
uppermost group (tithonian). Near the Thagan Robat, north ^of the Zurmust 
pass, the fault has thrust the red grit g^oup partly over the younger white 
sandstone {tithonian). 

Near the Marbich pass the fault crosses to the north side of the Paropamisus, 
crushes beds of the red gnt group against upper cretaceous, and is lost further west 
below the tertiary deposits of Badghis. Jn the Estoi range, in Ehoinssan, the 
fault appears again plainly, and may be traced in a more or less north-westerly 
direction along the Kat-i-Shamshir hills. The hot spring of Garm-ab (116° P.), 
north of Tiraman, rises along this fault. ^ 

The Band'i-Baba .—The main range, over which the Band-i-Baba pass leads 
from Kushk is composed of the uppermost group of the Jurassic series, repre¬ 
sented *by light-coloured sandstones and grits with intercalated limestone with 
marine fossils. The same beds are seen in the Eashka Kotal, north of th’e Thagan 
Robat, and at Naratd, and I believe represent as nearly as possible the tithonian 
stage of Europe. I found in descending order; 


Tithonian 


1. Sandstone, dark grey, fine-grained, with numerous 

Ostrea remains and calcareous beds entirely 6om- 
posed of an Ostrea species. 

2. Sandstone, light grey, with greyish-white sandy 

shales; the first contains some plant-remains; the 
latter a few bivalves. The dip is rolling, but 
generally to the north. 

3. Sandstone and grit with zones of conglomerate. 

Resembles strongly upper Gondwaona sandstone 
and contains plant-remains. 


The series may be seen in all the ravines which lead towards the Marbich 
and Band-i-Baba from the grassy slopes of the Kushk valley, and the beds dip 
under an angle of about 25° to 30° to the north. 

South of the pass I found that beds belonging to the red grit group are 
faulted against the mass of light-coloured grits ct the Band-i-Baba, and the 
strata composing the upper Jurassic are dipping 25° to the soutn. Near the 
actual contact great disturbance and crashing is noticeable, the beds of the red 
grit group being here and there raised up vertically and even inverted. Between 
the top of the Band-i-Baba and the ravine south of Robat-i-Khona, leading to 
Falozkar, the red grit group is as follows fn descending order;— 


S 3. Hanf bluish-green sandstone, forming very thick 
beds with grit zones and trap pebbles* The 
sandstone is composed of volcanic maferial 


Red-grit group 
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Red-grit gpronp 


/ 2. Breccia, same as 1, bat in thinner beds, altemafeng 
with a clay shale or concretionary clay of dark 
green or red colour; this group is of great ihiok- 
ness, and can hardly be less than 1,200 to 1,500 
feet. 

I 1. Dark brownish-red and purple conglomerates and 
grits the fragments made up of igneous material, 
alternating with groat layers of trap breccia and 
volcanic tufa. The fragments are all derived 
from igneous rocks, generally melaphyre, cement¬ 
ed by a black or dark-gfreen tufaceons matoiz. 

^ Intcrstratified with red grits and sandstones. 


Palezlear beds, Talchirs ?—The low hilly ground between the hills immediate¬ 
ly north of Herat and the foot of the Band-i-Baba range itself, is formed by a 
synclinal, much distux'bed and in some places completely crushed. Between 
the village of Palezkar and Robat-i-Surkh, in the Herat valley, some of the lower 
beds of the plant-bearing series are exposed. They consist of a group of 
sandstones and gi'een shales, associated with interstratified trap (amygdaloid 
melaphyre), which may bo seen well exposed near the high conical hill known 
as the Hi.ssar-i-Ghulaman, and in the ravines of the Palezkar and Shor5n 
streams, which drain into the Kurukh river. 

Nearer Robat-i-Surkh, I noticed a greenish-grey impure shale, micaceous, 
with traces of plant-remains (Vertobraria ?) associated and alternating with con- 
glolnerate and a trap breccia in thick beds. 

Towards the south-east they are overlaid by coarse brown sandstones and grits, 
with badly preserved plant impressions, and towards Muchkhandak by the red 
grit group. 

Altogether the Palezkar beds resemble in some respects the Talchirs of India, 
and still more so the lower (Ecca) beds of the Karoo foimation of South Africa, 
and recall to mo vividly the sections soon a fow miles south of Pietermaritzburg 
in Natal, and the beds exposed in the ravines of Kleine Karoo and the Bokkeveld 
of the Cape. 

I believe they belong to the beds 2 to 7 which I described as overlying con¬ 
formably the carboniferous limestone of the Kholi Biaz hill, in the Dav6ndar range, 
and form most probably a passage from the upper carboniferous into the trias, com. 
prising perhaps the upper Kuling bods of Himalayas with Otoceras woodwardi. 

Hills north of Herat .—The hill range which runs almost east to' west, and 
within 2 miles of Herat, is composed of several groups of rocks, which form three 
separate zones. The greater part of the range, from a point half way between 
Parwana and Herat to Robat-i-Surkh, is formed by the older beds of the plant- 
bearing system, which dip to the north-east, and apparently rest on hard grey 
splintery limesbxne, which forms the ri.nge between the Parwana stream o-'nd the 
Sinjao valley, and which may be carboniferous., 

I crossed the Paropamisus between the Band-i-Baba and the Hari Rud by the 
Ardewan, Chasma Sabz and Robat-i-Surkh passes, and partly explored the Mar- 
bioh route. 
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Marbich and Kohi-Kaitu .—The latter route skirts both the Koh*i-EIaitii and 
Marbich peaks, which, in their general features, resemble the Band-i-Baba. The 
southern half with the Koh-i-Kaitu is composed of the rod-grit group which is 
faulted against the tithonian grits and Ostrea limestones of the Marbich. 

Ardeioan.~—The bods composing the Ardewan all belong to the red-grit group 
with a part of the higher tithonian white sandstones and grits overlying it. The 
structure presents one or more folds, with a considerable amount of local dis¬ 
turbance. North of the pass, where the road enters the grassy slopes of the 
Kushk drainage, the sandstones of the tithonian group have been faulted and 
crushed against beds (white marly limestone) of the upper cretaceous formation. 
I believe this to bo on the same lino of fault which I could trace from point to 
point through the Paropamisas and the Jam hills of Khorassan. 

The rocks, which compose the red-grit group of the Ardewan, consist of thick 
beds of grit, sandstone and conglomerate, mostly of a dense reddish-brown to pur¬ 
ple colour, in general character resembling the rocks of this group at the Zur- 
must pass. The conglomemte changes locally into a volcanic breccia, which is 
well shown in the cliffs just north of Kush Bobat, near the south entrance to the 
pass. I found no trap in situ, but thick beds of volcanic ash, with embedded 
bombs "of malaphyi’e, aT*o iutercsilatod between the conglomerates^ The general 
dip of the group varies from north-west to north-east, but in one or two places 
small folds repeat the series of beds. 

Beyond the watershed of the Sinjao stream and the stream which drains into 
the Kushk, the red-grit group is overlaid conformably by coarse sandstones (with 
ferruginons nodules) and grits Avith calcareous beds, containing marine shells, 
which I believe to belong to the tithonian horizon, continuous with rocks of the 
same age of the Marbich, Band-i-Baba, and Ka.shka Kotals. The sandstone is cut 
off by the fault already noticed, and crashed against upper cretaceous limestone 
with Inoceramus cri 2 )si, IMant. 

Chasma Sahz pa ^.—The section* exposed at the Chasma Sabz pass is almost 
identically the same as the one seen in the Ardewan. It consists of a series of 
beds of the rod-grit group, dipping 15° to 20° noidh-east, and in descending order 
I found: 

4. Densely red grits and ferruginous sandstone, forming a lower and parallel 
range north of the Chasma Sabz pass. 

3. Grey friable needle shales, conglomerates and partings of clay shales. 

2. Grits and greyish needle shales with bluish-grey hard clay shales. 

1. Bed and brown to purple sandstone with edhrse conglomerate and volcanic 
ash.beds. 

2. nie plant-hearing system in Khorassan. 

The Qaiikharchang pass and the Kat-i-Shamshir range .—^The great fault de¬ 
scribed on page 66, and which runs more or less south-east to north-west through 
the Paropamisus, divides also the range of hills which bears the name of the 
Kat-i-Shamshir on our old maps. Here the fault inns close along the north side 
of the watershed between the Jam river valley and the drainage whigh falls lower 
down into the Hari Bud. The fault is well exposed in the Gadkharohang pass 
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itself, and farther to the north-west at the hot spring of Garm-ab (115® P.), it is 
lost amidst the tremendously crushed strata. 

The southern half of the Gaulcharrlinng pass, which leads from the Jam valley 
north of Turhat-i-Sheikh-Jam to Zohrabad, is composed of fragmenis of sand¬ 
stones and grits belonging to the red-grit group with great masses of igneous 
rocks. The pi-evailing rock is a melapliyre, with long strips of a syenitic gjranite, 
which I believe to belong to a later epoch. Ash beds and volcanic conglomerates 
are found between the enormous layers of bedded melaphyre, dipping gently to 
the south below the late tertiary deposits of the Jam valley. ’ 

The northern half of the pass between the fault and the Zohrabad plateau, 
post the Burj-Kalich-Khan, is formed chiefly by beds belonging to the middle and 
upper gfToups of the Jurassic system. The structure is that of one or more anti¬ 
clinal arches, somewhat crashed hert? and thci*e, but sufficiently clear to establish 
the following groups in descending order : 

3. Light-coloiijred sandstone, grit and limestone beds; 
tlie latter with Ostrea sp. 

2. Dark-grey to black finely bedded shales, very friable, 
with ferruginous partings. Gi’eat thickness. Frag¬ 
ments of plant-remains. 

Coarse red grit and sandstone in thick beds. 

1. Greenish-grey coarso sandstone with ferruginous part¬ 
ings, and dark-grtiy, fine needle shales. Tho grey 
shales show some badly preserved plant-impres¬ 
sions, but the sandstone (near Burj-Kalich Khan) 
yielded a great number of iJoth marine lower Juras¬ 
sic fos.siIs, Bracihiopods, Bivalves, Echinoderms, 
&c., and also of remains of Glos/iopteris sp,, and 
otlier Gondwana plants in a fairly good state of pre¬ 
servation. 

It is remarkable how the red-grit group and the higher grits of the tithonian 
have dwindled down in thickness in this section, compared to the great deposits 
of sandstone and volcanic ash beds which form this group in the Paropamisns 
sections. The stream of Paiddh Jan Murad, north-east of tho BurJ Kalich Khan, 
has formed picturesque escarpments in tho red-grit group, resembling greatly 
the escarpments in the Mahadeva sandstones of Sirguja and Palamow in India. 

Bobat-i-Snrkh pass .—Approaching the Robat-i-Surkh pass from the north 
(Gulran), one has to pass over rolling hills of rounded outlines, composed, as far as 
I could Judge from the scanty exposuies seen en route, of nothing else but the soft 
argillaceous beds and soft sandstones which I believe belong to the upper Siwalik 
horizon. Near the north slope of tlw pass a number of low spurs are seen to run 
out from the Mash range, and I found them to consist of light-brown sandstones 
and grits in thick beds, which resemble the plant-bearing sandstones of tho Band- 
i-Baba. The beds dip here gently to the north below the Gulran beds. 

Tho pass itself shows a group of sandstones, generally thick-bedded, which in 


Tithonian 


• • 


Red-grit group, upper 
Jurassic. 


Lower and middle 
Jurassic. 
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its upper portions is alternating' with reddish and greenish marly beds. I found 
no fossils in any of the strata, but I believe the whole to belong to the red-grit 
group, which it closely resembles. 

The structure seems to be that of a wide anticlinal curve; the pass itself is 
formed by simple erosion of two streams, flowing north and south, separated by a 
low watershed of only a few hundred feet in width. 

Further to the north-west, the red-grit group swells again in thickness, and 
on the left side of the Kashaf Rud valley forms all the lower slopes underlying 
the crataceous rocks df the Takht-i-Gauzak. 

The pass, which leads from Sang-i-Safed (near Firaiman) over to Kat-i-Shamshi 
to Garm-ab, reveals a section vciy like the one traveraed by the Gaukharchang 
pass. The beds of the red-grit group, which compose the entire range at this point, 
are much shattered and folded. Near the south entrance to the pass, the beds dip 
to the south-west and ar6 overlaid uncomformably by younger tertiaries, con¬ 
glomerates, and sandstone. The red-grit group of this pass consists of densely red 
conglomerates, grits and volcanic ash bed^ with trap interstratified, between tho 
layers of which irregular beds of grit often appear. There are also some earthy 
black shales associated with the grit, and several irregular masses of hard splintery 
grey sandstone, traversed by numerous calcspar veins. The lowgr strata of tho 
red-grit group resemble tho beds seen on the north slope of the Jauza hill in the 
Dav6udar section; immediately below the grit I found a greenish-grey concre¬ 
tionary shaly sandstone which overlies a fine-grained, hard greenish-grey and 
reddish-grey sandstone similar to the one which I met in tho Jauza section, south 
of the Kholi Biaz. • 

Near Garm-ab, on the north side of the pass, I found the bedding much disturb¬ 
ed, and near the fault much shattered. Near Kummer Sard, a small settlement 
of Nomads north-west of Garm-ab, I saw the red-grit group conformably overlying 
tho lower Jurassic black plant shales. 

Between Bareili and the Takht-i-Oauzak. —The trough between the Baroili 
hill, the higho.st part of tho Kat-i-Shamshir range, and the Takht-i-Gauzak, south¬ 
west of Pul-i-Khatun, is formed by a succession of folds composed of lower 
and upper Jurassic rocks. The former are developed as black or dark-grey 
shales with greenish-grey sandstones, which yield lower Jurassic marine shells 
and some Gondwana species of plants. They are overlaid by the red-grit group 
which dips below the tithonian and lower cretaceous of the Takht-i-Gauzak. 

The country between the two ranges is more or less uninhabited now, and 
water is only obtainable at a few points. I had therefore to hurry over it too 
quickly to make very detailed observations. ^ 

The plant-hearing system in the Yaktan range and Bizd IttZL—The Yaktin 
range runs in a north-west south-east direction between the Jami and Shahr-i- 
Nao valleys, and forms a continuation of the Binalut range. At its south-eastern 
extremity is the Bizd hill, south-west of Tu|;bat-i-Sheikh-Jami. As already de- 
scribed, the range is formed by a steep anticlinal fold, the centre of which is com¬ 
posed of carboniferous marine limestones, overlaid on each flank by beds belonging 
to the plant-bearing system. When I examined the range in March of this year, 
the greater part of it was still covered with thick masses of snow, and only at one 
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locality (near Raband) was I able to penetrate the outer hills to the inner core of 
carboniferous limest one. The depression between the latter and the outer hills 
was then almost filled by snow, so that I have not been able to see either the 
contact between the two systems of formations, nor the lower beds of the plant¬ 
bearing series. 

The Bizd hill itself is composed of igneons rocks (melaphyres) with sandstone 
and conglomerates of the red-grit group of precisely the same lithological charac¬ 
ter as noticed in the 8ection.s of the Paropamisus. 

The same rocks with great deposits of volcanic ash beds and tufa are seen 
all along the northern slope of the Yaktdn range. The beds of conglomerate and 
sandstone with interstratified igneous rocks dip to the north-west, and apparently 
are conformable to the carbomferous limestone which form the main range, but 
the actual contact I have not seen. 

Plant beds of Kalanderahad. —Near Kalanderabad the outer range separates 
into a chain of isolated low hills, which consist of a hard, light-grey, splintery 
limestone, o.verlaid by plant-bearing beds. I remember having observed a similar 
bed of grey splintery limestone in the plant-beds of Palezkar, near Herat. 

The Kishti PukJita pass from Kila-i-Nao to Amun-Juffre (and Aliyek). —The 
rocks composing the paralhd ridges of the pass which leads over thef Yaktjin 
range, belong nearly all to the plant-bearing series with its igneous rocks. 

Near the northern side of the pass (near Kalanderabad), I observed greenish- 
brown sandstones, with shaly par lings, dipping 50° west. They yielded a few 
poor specimens of plants, the common reed-like fragments. 

The series of beds is contorted, and forms a synclinal near the centre of the 
pass. The structure is too complicated to allow a careful survey during a hasty 
march, but I noticed the close connection of igneous rocks with the plant-bearing 
sandstones and conglomerates. The igneous rocks aro chiefly melaphyres with 
a red felspathic rock, very common in the red grit group. With it occurs a 
volcanic breccia, containing some rolled Jboulders of large sizes, embedded in 
a porous volcanic tufa, with angular fragments of igneous rocks. 

The sedimentary rocks of tho group form narrow strips within the belt of 
igneous rocks, and are, with few exceptions, all sandstones of reddish-brown and 
greenish colour. Some high cliffs on the left side of tho valley, near the Kilah-i-Nao 
entrance to tho Kishti Pukhta pass, ai'e composed of a great thickness, of a coarse 
brown sandstone, with grit partings, showing false bedding well marked. Several 
. beds of a coarse conglomerate occur with it. In the lower layers I found a few 
irregular deposits of reddish-brown clay. A large deposit of irregular thickness 
of the boulder breccia, already described, I noticed at the base of the sandstone, 
forming the right side of the valley and overlaying the igneous rocks. 

Another patch of sandstone, which reminded me of the Talchirs of India, I 
found near tho south side of the pass, not far from Amun-Jaffre. It is a soft, 
olive-coloured sandstone, with small ferruginous concretions in some of the strata 
and partings of olive-green shales, t found no fossils in them. Near the south¬ 
ern side of the watershed I found an irregulai* thick bed of white limestone of a 
fime crystalline texture, very hard and splintery, enclosed in the igneous rocks of 
the group, and apparently belonging to it. 
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Karat range .—^Tho range wliicli separates the Khaf plain from the Shahr-i- 
Nau valley, and which bears the name of the Karat range on our maps, 1 have 
unfortunately not visited, but from the distance it appears that the higher rango 
with the peak Koh-i.Khaf is composed of a dark rock, presumably limestone, 
dipping to the south at a low angle. 

North to north-west of it, I noticed other rocks, of a lighter brownish-green 
colour, dipping gently towards the Khaf range. This latter rock I believe to be 
the group of igneous rocks, shales and sandstone of the plant-bods. 

Jh'nalut rango ,—The Biualut range is similar in structure to the Yaktdn hills, 
and is in fact only a continuation of the latter. Only in the Dehrnd pass section 
did 1 cross the plant-bearing series, which north of the Dohrud pass itself, 
between it and the village of Golist^n, ovex’lies Conformably the carboniferous 
limestone with marine fossils. 

The plant-bearing gi'onpis hero represented by hard grey and green shales 
associated with volcanic ash beds and a varicity of eruptive i-ocks. I found no 
fossils in the shales. 

Ited-grit group of Maddn. —North-west of Nishapur, the ancient capital of 
Khomssfui, some spurs branch off the Biualut range which seem all to belong to 
rocks of the red-grit group of precisely the same lithological character as those 
seen in the hills east of the 13and-i-Zurmust. 

The Madan hill itself is composed of volcanic ash belonging to the group, with 
some contact rock, which will have to bo carefully analysed hereafter. In this 
contact rock the celebrated turquoises are found, and there are now about a 
thousand “mines” in and around the hill, of which about a hundred only are 
worked ^ the best stones are found in pits sunk in the mountain talus, where of 
course the mineral is easily extracted from the crumbling decomposed mass. 

The extraction from the surrounding matrix seems the difficulty in obtaining 
good and large stones, which otherwise abound in greo t quantities. 

Unfortunately the hill muss of Madan is so completely enshrouded on all 
sides by recent tertiary deposits, that I have been unable to trace the actual con¬ 
nection of the rock composing it with the lower plant-bearing series of the 
Biualut range. 

TIte rhviic and Jurassic deposits of the KeJat-i-Nadri section ,—The section 
between Mashhad and Khelat-i-Nadri is one of the most interesting in Khorassan. 
There the entire series from the rhaetic to the upper cretaceous is represented 
by marine beds. , 

A stream, running almost due north-south, has eroded a deep and very narrow 
gorge through the hard limestones of the upper ^hoetic and jurassic series; in 
some places so narrow that there is only room for a laden mule to pass through. 
The Arka-bun-Shah pass leads into the gorge excavated by the Kelat sti’cam, 
running north, which has eroded a similar gorge through a succession of limestones 
and hard shales. 

The section is an extremely good onb and presents a succession of folds 
mainly composed of hard splintery limestones and dolomites with some shaly 
partings, which in several horizons yielded fossils, chiefly Brachiopods, belonging 
to the upper rheetic or lower lias. The upper beds contain a few sandstone part- 
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ings, and yielded, besides marine fossils, some rather badly preserved plant- 
remains. These betls, which I believe to bo lower Jurassic, are overlaid by massive 
limestones (with corals) and red grits, somewhat resembling the red-grit group 
locks. This marine system is conformably overlaid by the cretaceous rocks of 
Kelat-i-Nadri. 

The cretaceous rocks of th> Herat 'province. 

In the Herat valley itself, I have not mot with any cretaceous rocks, but the 
southern half of the Doshakh range, with the peak itself, belongs to the wide¬ 
spread hippuritic formation, which forms nearly all the hill ranges of South and 
Western Afghanistan. The Zingatak pass from Kashmard to Pahri marks 
approximately a fault which has brought the palceosoic rocks of the northern 
half of the Doshakh range with the Robat-i-Pai peak in direct contact with hard 
white and grey coml limestone, which yielded many hippnritos, some badly 
preserved ammonites and bivalves. 

I have nothing to add to my description of the cretaceous rocks of the Tirband- 
i-Turkestan, which I have not been abl(f to revisit. 

Cretaceous rocks north of the Paropamisus. —North of the Ardewan pass, 
crashed against the upper Jurassic or tithonian sandstones and grits, I met white 
marly limestones, which conlaiu Tnoceromns cripsi Mant. in excellent preservation, 
a species common in the upper cretaceous formation of Hungary and South-Eastern 
Europe. 

The cretaceous system occupies a largo area north of the Estoi and Paropa- 
misus range, and I found the upper horizon with Tnocoramus cripsi in almost 
all the sections which I have seen of the cretaceous beds of that region. Must 
probably the shell limestones of Kushk, of Ohakan, and the greater part of the 
Tirband, belong to the same system 

• 

The cretaceous rock% of Khorassan. 

Ci’ctnccous beds may bo traced from Kholat-i-Nadri in a south-east direction 
to the range of the I’akht-i-Ganzak and the cliffs of the Hari Riid between 
Pul-i-K.haiuu and Zolfikar. Most of the ground north of the Estoi hills to the 
Kashaf Rud valley is also covered by beds belonging to the cretaceous system. 

I found that the system, which cannot be less than about 3,500 to 4,000 feet 
in thickness, can be divided into— 

! 4. Earthy brownish-white limestones, with flaggy beds 
of white limestones. Forms high cliffs along tho 
Hari Rud, Kelat-i-Nadri, &c. Yielded many cre¬ 
taceous fossils, amongst them Inoceramus cripsi 
Mant. 

1 3. White earthy Hmestone.s and chalk witli indurated 
clay; fossils in bad state of preservation, 

2. Dark shales, with ferruginous partings. 

1. Yellowish-white earthy limestones, many well-pre¬ 
served fossils,—Brachiopods, Trigonia, Ac. 
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Between Kelat-i-Nadri and Zoldkar this section may be seen at any point, 
and tbo beds seem hardly disturbed at all, generally sloping gently to the north* 
east, showing steep scarps towai’ds the south and south-west. 

The cliffs along the Hori Rud, between Pul-i-Khatun and Zolfikar, are 
entirely formed by these rocks and offer complete and undisturbed sections. 

The massif of Kelat-i-Nadri is a synclinal basin formed of cretaceous rocks, 
through which the Kclat treams has eroded a transverse valley, or rather gorge. 

Cretaceous rocks in the Sinalut roagre.—•Limestones with some fossil remains 
which I found dipping below nummulitic beds near Sultan Maidan, in the Binalut 
range, probably belong to the cretaceous system. 

Granite and gneissose rocks of Herat cretaceous. —Immediately north of Herat, 
from a point nearly north-west of the city to north-east, including the low hills 
of Ghazegah, a gneissose rock with syenitic granite dykes is found, which seems 
identical with similar rocks of the Upper Kurukh valley and the Davendar peak 
itself. This belt of granitic and gneissose rocks may be traced along the south 
slope of the Estoi hills (in the Gadkharchang pass) to Sangbast, south-east of 
Mashhad, and I believe belongs to a period subsequent to the red.grit group, 
possibly to the same outburst which has converted so much of the upper 
cretaceOus rocks of Southern Afghanistan into fine marble. 

Nummulitic rocks, 

Beds with nunimulites, and associated with younger eruptive rocks, rhyolites 
and trachytes, I have only come across near Madan, north-west of Nishapur, 
in Khorassan. The nummulitic beds here occupy a large area, south of Madan ; 
and on the Sultan Maidan, north of the turquoise mines, I found nummulitea 
in a calcareous dark limestone and in sandy beds, closely associated with great 
masses of rhyolite, which has changed the sedimentary bods locally, and partly 
converted them into semi-metamoi-phic masses. 

At the Sultan Maidan the nummulitic gi’oup seems to rest conformably on a 
grey shell limestone which I believe to be cretaceous, and which fonns the 
western slope of the Binalut range, north of Madan. 

On the outer slopes of the Kat-i-Sharnshir between Sang-Safed and 
Sangbast, south-east of Mashhad, I found the beds with nummulites in descend¬ 
ing order: 

/ 5. Red conglomerate and sandstones in thick beds, 

Mioceneoroligocene? . ) ^ 28“ ^ west to south-west-by-west. 

^ 4. Conglomerate, consisting of nummulitic limestone 
pebbles. 

3. Grey shaly limestone with Brachiopods. 

2. Yellowish-white limestone, corals, Ostrea, num- 
mulites. 

1. Dark-grey shales with intercalated concretionary 
limestone, which contains many bivalves, echi- 
iSoderms, nummulites, &c. 

The beds below this are obscured by recent deposits, but a few ^iles south¬ 
east of the locality cretaceous beds dip below the fan of recent accumulations of 
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clay and conglomerate and most probably would be found to conformably underlie 
the nummulitic group. 

Jftocena.—Miocene rocks seem to be widely distributed north of the Paro- 
pamums and on the Sarakhs plain, but I have not myself been able to identify 
them/ Captain Tate and Dr. Owen of the Afghan Boundary Commission have 
brought me well-preserved specimens of Ostrea muUicostata, Desh.; the first 
from the Nimaksar, north-east of Zolfikar, and the latter from Khwaja Kallandar, 
north-east of Kushk, in Badghis. I have not been able to visit either of these 
localities. Apparently the fossils occur in a light-coloured clay associated with 
the salt-bearing and gypsiferous group, which is largely developed in Northern 
Badghis. 

Yotmger tertiaries. —To the description of the younger tertiaries given in my 
last “ notes” I have nothing to add of any importance. Good sections through 
the upper groups of the tertiary system aro seldom met with, as they are gene¬ 
rally hidden below enormously thick masses of alluvial deposits and fans. 

Camp, SnsiKh-i-WAN, Herat vallbt, • 

13th November 1885, 

Notes on the Section from Simla to Wangtu, and on the petrological character 

of the Amphibolites and Qiiartz-Diorites of the Sutlej valley ; by OoLONiin 
C. A. McMauor, P.G.S. (With * plate.) 

Part I: Introduction j description of the section. 

^ „ II: Notes on the microscopical character of traps, amphibolites and quarts-diorites- 

„ III: Hemarks on the character of the rocks, and on the stratigraphy of the region. 

Part I. 

iNTROIUJCTrOJl. 

A visit to Simla during 1884 afforded roe an opportunity of taking a run up 
the Sutlej valley as far as Wangtu. Tho time at my disposal for the trip was 
however so extremely limited that I had to cover 22 marches in days, and 
travel average rate of 27 miles a day. But as I had been up and down 

the SutleJ^alley on previous occasions, this rapid survey was sufl&ciont to 
enable me to review my first impressions regarding the geology and stratigraphy 
of this region in the light of tho experience subsequently acquired at Dalhousie 
and Chamba. I shall begin this paper with a brief sketch of the geology of tho 
section from Simla to Wangtu by way of preface to my remarks on the petrolo¬ 
gical structure of the hornblende rocks and quartz-diorites of the Sjatlej valley, 
and on the stratigraphy of this region. 

Tho rocks between Simla and Narkanda have already been described by 
Mr. Medlicott in his Memoir' and referred to in the Manual of the Geology of 
India my first paper on Simla geology^ also, contains notices of them.® A brief 
resumS of the lithology of this section will be gpven in the last part of this paper. 

* Mem. Geoi. Sur., Vol. Ill, pp. 88-40. 

« Vol. II, pp. 603. 604. 

• Supra, Vol. X, pp. 209, 211-214. 
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At Narkanda we have decided mica schists, dipping a little north of east, with 
beds of gneiss on the flank and top of Hattu, a mountain 10,469 feet high, that 
rises to an elevation of 1,600 feet above Narkanda. 

Mica schists continue for some 3 or 4 miles on the road to Ko^arh. 
and are followed in ascending order by quartzites. There is a consioerable 
thickness of the latter, but it would be impossible to calculate their precise 
thickness from roadside observations only, as the dip flattens and waves about in 
a somewhat unsteady manner as far as Kotgai'h. The quartzites are followed 
by more or less miBaccous rocks, and the dip finally settles down into a north¬ 
easterly direction. On leaving Kotgarh the metamorphism gradually declines, 
and dark rocks, with a micaceous glaze, succeed, which belong unmistakably 
to the infra-Krol carbonaceous series. The carbonaceous element in them is 
sufficiently strong to blacken the soil of cultivated fields hero and there. 

As the road from Kotgarh to Nirat (Nirth) neara the bottom of the valley, 
the gneissose granite crops up quite suddenly. ^ Where it first appears, the dip 
of its foliation is the reverse of the dip of the infra-Krol rocks, lyit it shortly 
afterwards reverts to the normal north-easterly dip. The actual contact of 
the two rocks is masked by vegetation. 

The gneissose granite continues to Nirat, and thenco to the Muchara river 
which flows from the east into the Sutlej to the north of Nirat. The Muchara 
appears, at this point, to mark the division between the gneissose granite and the 
carbonaceous infm-Krol rocks, which re-appear on its right bank dipping in a 
south-easterly dii-ection. 

So far as could be seen from the road, the Nirat outcrop of the gneissose 
granite exhibited a marked parallelism of structure that reminded me of the 
“outer band” at Dalhousie; but this outcrop strikes for, and doubtless merges 
into, the perfect granite of the Kot® peak noi’th of llai'gi. The outcrop is about 
4 miles thick. The rock appeared to mo to bo join led in the direction of the 
foliation rather than bedded. The lines of division are of unequal thickness, and 
are irregular and variable; they do not appear to persist for any great distance in 
the same direction, but merge into each other, or are stopped abruptly by other 
joints at right angles to their direction. 

The infra-Krol rocks continue with a south-easterly dip as far ar uue Nogli,® 
a stream that flows into the Sutlej about 3 miles south of Bampur. The dip 


^ lu iTij iirat paper (1877) I noted {supra, Vol. X, p 214) that tho gnoisBOse granite—then 
called gneiss—on its first appearance alternates with the .krbonacoous slates. This 1 now think 
was an erroneouv. impression created by talus, or a land-slip, covering part of tho granite. The blocks 
brought down, however, look like slates in situ, and it requires a good deal of consideration to 
delect tho deception. 

^ Kot is not marked on the map. It is the point immediately to the north of the Oarh 
Station, on the ridge running down from tho Garh Station to the Sutlej, where another ridge joins 
it from the east. * 

* III my first paper already quoted (footnote ante) I staled that between Nirat and the Nogli 
the slates alternate with the gneiss. This mistake appears, as far os 1 can now make out, to have 
been owing to some misreading of my notes made 18 months previous to writing mj paper. 1 
marched along this road again in 1878 and noted no gneiss. * 
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is sometimes veiy flat, and as the Nogli is neared, a northerly dip sets in for a 
short time. 

The rocks are occasionally very silicions and almost jaspery, but are sometimes 
very dark, as at the village of Dantnugger. As the Nogli is neared, they are 
decidedly carbonaceous, and there is no doubt about their belonging to the infra- 
Krol series. 

At the Nogli a beautiful milky-white quartzite that takes a high polish, and 
is sometimes mistaken for marble, appears dipping south-west. This rock, which, 
I thiuk, represents the Kml quartzite, is followed by trap. * 

The trap is a hornblcndic variety ; some of it is distinctly amygdaloidal and 
it is intercalated with slaty beds having a micaceous glaze, and resembling the 
trap in colour. Somewhere near the middle of the series three bands of white 
quartzite occur intercalated between bods of slaty rocks. 

The volcanic rocks here displayed appear to me to •occupy very much tho 
same horizon as tho altered basalts of the Dalhousio region, which occur between 
tbo Silurian aftd tho carbo-triassio series.^ Their relation to the white quartzite 
baud at the Nogli, and to the quart/.itos intorboddod with them, which presumably 
represent the Krol quartzite, would however seem to indicate that they aro 
somewhat younger than the IJalhousio volcanic series. Tn this respect the iiani- 
pur lavas agree with those of Kashmir, where Mr. Lydekker observed that, in 
some instances, they pass up into his Kuling series,® tho equivalents of tho infra- 
Krol series of the Simla region,® and of the lower carboniferous series of Europe 
and Australia.* 

i am di.sposcd to regard tho quartzites intercalated ivith tho lavas, as well as 
tho quartzite at tho Nogli, as the equivalents of tho Krol quartzito. Mr. Medli- 
cott has pointed out® that these beds sometimes attain considerable thickness, as 
at Boileanganj. At Simla the deposition of the sand, of which these quartzites 
were origiiut'ly composed, wa.s uiibi’okeu,*but in tho Rampur area it was, appar¬ 
ently, interruj)tcd by lava-flows and by tho dopusitiouof mud, into tho composition 
of which volcanic ejootamonta probably largely ontored, but tho deposit of sand 
was re.snnied from time to time when the volcanic energy was dormant. 

Thq,.|rap scries lasts with a south-easterly dip as far as Rampur; hero thoro 
is a fault alhtig tho axis of a synclinal flexure which brings down the milky 
white Krol (quartzite and the trap series, both of which on tho north side of the 
fault have a north-easterly dip. The trap series to tho north 'of Rampur is 
evidently the same as that which occurs to tho south of tho town, and the white 
quartzito which I have described as occurring about tho middle of the series, 
between tho Nogli and Riinipur, ro-appears in a similar position in the seties to 
the north of the town. Owing to vegetation, however, 1 could not see whether 
slaty beds arc intercalated with, the latter or not. 

• 

* I did not notice nny of the amygdaloidal var‘> ty in siiu, but blocks of it ore very immoroiu 
on tbc rundside, and are without doubt of local ungin. 

® Menioirs, Ucological Survey, Vol. XXll, pp. 133, 135,aL3S, 141, 148, 217, 222. 

* i*. p. 201. 

* Ib. p. 161 . 

® Mum., Gc«>ll. Sur., Vol. Ill, pp. 24, 34. 

* K 1 
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The traps on the north side of Bampur have much the same general appearance 
as those to the south, ■with ■the exception that they are more metamorphosed 
and consequently appear more distinctly hornblendic to the unaided eye. In the 
northern outcrop many of the beds are distinctly slaty in texture, and there is a 
comparative absence of the amygdaloidal variety. I once found an amygdaloidal 
block by the roadside, 2 or 3 miles north of Bampur; and as the block could 
not have travelled up the river, and as the non-amygdaloidal portion of it exactly' 
resembled the local rock, the probability of its having been derived from a local 
source is very great. The amygdules formed a band along the top of this block. 
This is the only occasion on which I found amygdaloidal trap north of the town of 
Bampur. 

Whatever differences are observable between the beds to the north and to the 
south of Bampur, I attribute partly to the probability of volcanic ash having 
taken a larger part in the formation of the beds to the north than in those to the 
south of the town, and partly to the northern beds being more within the region 
of metamorphism. * 

The actual line of the fault which I have described as occurring at Bampur 
may be seen, in section, on the right bank of the Satlej, a little to the north of the 
town ; and the white quartzite with a north-easterly dip is there let down against 
the dark trap series; and the line of division between the two is as sharp as if it 
had been cut with a knife. 

In my paper, published in 1877,1 stated, with reference to the first appearance 
of the trap at the Nogri, that the “ strong quartz beds are burst asunder and 
twisted about by the trap in a wonderful manner.” I was young, as an obsenver, 
then; and in those days the Sutlej trap was believed to be an intrusive rock. 
The trap where it first crops out certainly has the appearance above described, 
but this, I think, is deceptive, and is produced by contortion, which has been 
very severe at this point, and by small local faulting. The idea of intrusion 
is also favoured by the fact that tho«lrap is jointed at right angles to the bedding 
of the quartzites. 

In the middle quartzite baud intercalated with the traps to the south of 
Bampur, an instructive example of columnar structure is to be seen : a bed -of 
white quartzite has weathered into a perfectly rounded column, 2 feet in dia¬ 
meter and about 15 feet long. Its frayed end shows a tendency to split up 
into a series of annular coats like an onion. This struck me as interesting in 
connection with the bacillary structure of the Boilcauganj quartzites^ at Simla. 
The columnar structure above described is probably duo to the heat produced 
by beds of Java flowing over beds composed of silicious materi''ls ; and if so, the 
bacillary structure of the Boilcauganj quartzites may be referred to a similar 
cause. 

The metamorphism of the Jako (Simla) beds has been conjecturally referred 
by Mr. Medlicott * to the heat produce^ by igneous masses injected as sheets, or 
flowing over the Jako beds from the direction of Hattu. The rapid decline of 


1 Mem. Qcol. Snr., Ill, p. 85. 
* Punjab Gazetteer: Geology. 
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metamorphism on descending from the Krol schists, on the top of Jeko, to the 
Silurian beds in the valleys below, almost completely shuts out the supposition 
that the metamorphism of the Jako rocks can be due to tangential pressure or to 
agencies operating from below, for in the Simla region contortion is rampant in 
the strata of tho valleys and inconsiderable on the hiU-tops; whilst the strati¬ 
graphy of Jako, and its neighbourhood, is such as to altogether exclude the sup¬ 
position of inversion. 

Tho Kot peak, a few miles to the north of Hattu, where the gneissose granite 
is perfectly granitic, probably represents a centre of volcanic activity, and is pro¬ 
bably the long-buried root of a volcano from whence sheets were injected into 
the neighbouring strata, and from which streams of acid lava, long since re¬ 
moved by erosion, were poured out far overhead. 

The traps to the north of Rampur are followed by a very thick series of 
white and grey quartzites having the normal north-easterly dip. These are, I 
think, the equivalents of the silicious beds between Narkanda and Kotgarh. 

At the village of Pishwara*^ a broad^band of hornblende rock crops out* No 
4l^vidence of its intrusive charactci* is visible from tho road. The jointing of the 
rock is at right angles to the bedding of the quartzites. A specimen of this rock 
is described in part IT, of this paper, No. 20. 

As Gaoi’a is neared, the quartzites become micaceous, and a little south of 
Gaora pass into white hydrous mica schists that decay into a thick white 
• powder. These beds reminded me strongly of some schists iu the Dalhousie area 
that crumble into a white soapy powder, as, for instance, those seen under Tikri. 
In •‘he Dalhousie area, I have classed these rocks among the lower Silurians, and I 
think tho beds in the Sutlej valley occupy a similar position. In the section from 
the Thera mall to Banikhct I think the Sutlej valley .schists are represented by 
the paragonite {?) slate No. 47 of my microscopic sections.* 

Proceeding onwai’ds to Gaora, the‘mica .schists, just described, dip under 
foliated rocks, and these pas.s into gneissia beds. The latter are, I think, the 
oldest rocks met with iu tho section under description, and are of lower silarian, 
or Cambria’., age. 

Aj^Goora the dip is north-north-cast, but it rounds towards the west, and at 
Sarhan it west-north-west; the road to Sarhan works back across the strike 
of the rocks, and at the Manglad stream the white hydrous mica schists are again 
reached. Some beautiful specimens of these rocks, which might be mistaken 
for talc schists, may bo obtained here. 

On the ascent from the Mangldd Nala to Sarhan, the traveller passes back 
again across the strike to the gnoissic beds seen at Gaora. 

In the cliffs on the roadside, some 2 or 3 miles short of Sarhan, a hornblende 
rock crops out which is described under No. 23 of Part II. At this point it is 
almost certainly intrusive in the mica schists; if it is not intrusive, its onward 
course must be abruptly cut off by a fault of which no other trace is visible. 

This rock is of distinctly foliated structure. It frequently recurs on the road 


* Appft.'ontly the village named Paeada oq the Atlas sheet. 

• Recorda, Vol. XVI, p. 140. 
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up the Sutlej valleyl to Wansrtu, sometimes in the schists and sometimes in the 
gneissoso granite. It is not nccessaiy tliat I should note every appearance of it. 

Beyond Sarhan the dip is N. 11° E. The road lies in tlm gncissic beds, and 
in the schists, but the white hydrous mica schists are not agsrin reached. 

Between the 93rd and 94th milestones, a dyke of this peculiar rock appears in 
the cliffs, along the face of which the road has been carried by blasting. A dyke 
traverses the rocks just at the spot whore the late Sir A. Lawrence was killed, 
and the white stone cross erected to his memory is fixed on the dark diorite a^al 
marks the place of the accident. In those days the road was carried along the 
face of the cliff by a balcony ; this gave way as Sir A. Lawrence was riding along 
it, and ho was precipitated down the precipice and killed on the spot. 

The foliated quartz-diorite here appears to bo intrusive : it certainly cuts 
across the foliation of the gnoissic beds in one place. 

About three quarters of a mile beyond this point bands of fine-grained gra¬ 
nite begin to occur in the gneissio beds, which dip north-north-west, and doubtless 
the griinite is intrusive in the gneiss. There are three or four such bands, and 
then the gneissoso granite itself appears. At first the latter is hero and therU^ 
gneissose, but afterwards it becomes granitic and finely porphyritic. 

Th6 gneissose granite lasts until the Kandla nala^ is reached, when mica 
schists come in for awhile, the gneissose granite reappearing a little to the south 
of Chora. It seems to me not improbable that these outcrops of gneissose granite 
are continuous; if they are, the granite cuts directly across the strike of the * 
schists. The point can only be determined by exploring the side of the mountain 
above Kamparang and Chora, which I had not time to do. » 

The gneissose granite continues from Chora to about the 102nd mile from 
Simla, viz., to about 2 miles on the Sarhan side of Tharanda, where gncissic 
rocks with granite veins in them come in. The di]i here is nearly perpendicular, 
inclining a little to the north of ivest. Between tin. lOlst and 102ud milestones, 
gneiss appears to alternate with granite, and the impression loft on my mind by 
a roadside examination of these bods, is tliat at the junction of the main mass of 
the gneissose granite and the sedimentary beds, the latter are abundantly pene¬ 
trated by sheets and veins of the granite. The gnoissic portions betwo^,|jltp gra¬ 
nite sheets are much riddled by granite veins. 

Near the 102nd milestone there has been much crushing, and the gneissose 
and schistose beds vary in dip from west to south, and from flat to perpendicular, 
within a few yards. 

On the descent to the nala under Tharanda* I observed the hornblende rock 
(quartz-diorite) twice; and on the ascent to Tharanda it cro^ s out five times. 
These outcrops are probably continuous and form one broiul dyke ; but owing to 
the excess of vegetation I was not able to see whether this is so or not. A sample 
of this rock is described in Part II, No. 26. 

* The Eandia n&la is, I think, the stream flowing down from the Bhosloh Trigonometrical 
Station into the Sntlej, to the west of the village of Shilwan. Chora, which is not marked on the 
Trigonometrical Survey Atlas, is ubout'ono and a half miles to the north of this stream. 

* TliU stream is 1 think, the one flowing down from the Bhosleh Station into the Sntlej to 
the west of the village of iThiiSHriug. Tharanda is, I think, about bulf a mile or so to the 
east of tbe Niuiaipar Station maikcd on the map. 
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After leaving Tharanda one rounds tlio spur before commencing to descend in 
an easterly direction to the stream under Pawanda.* The gneissose granite 
crops out again here, and it is probably continuous with the outcrop south of 
Tharanda. 

The gneissose granite is at first fine-grained and non-porphyritic; but after¬ 
wards all the varieties of this rock, namely, tl o gneissic, the porphyritio, and the 
perfectly granitic, are seen. Veins of the fine-gi*ainod nou-porphyritio variety 
occur both in the gneissose and in the porpliyritic varieties. 

On the descent to the nala•under Pawanda, near where Tihe 106th milestone 
from Simla used to staud,* an outcrop of the hornblendo rock (quartz-diorite) 
occurs, having a width of about a quarter of a milo. It runs up tho mountain 
side in a perpendicular dii’ection. In this diorito there are seven or eight 
perpendicular dykes of the porpliyritic granite and one porpeiidieular dyke of the 
fine-grained non-porphyvifcic granite. Mica has been developed in the foliated 
diorito apparently by contact action. A specimen taken from tho diorite at its 
contact with the granite is described, in Part II, No. 25. One dyke* of the 
horablende rock (diorito) has all tho appearance of having passed straight up 
tho middle of one of tho perpendicular dykes of porphyritio gneissose granite. If 
this is not really the case, two naiTOAV dykes (ft the granite must htl/vo run a 
perfectly parallel course, very close together on either side of a thin dyke of 
tho foliated diorite. Tho latter has a sharp clean-cut edge, and looks superficially 
like one of those perpendicular dykes of basalt one so often sees traversing bods 
of lava in the crater walls of a volcano. A hand specimen taken'from this nar¬ 
row dyke of hornblendo rock (diorite) is described under No. 27, Part II. 

If tbe wide outcrop of tbe hornblende rock which occurs at the lOGth mile 
from Simla is continuous with that on the south side of Tharanda, about the 
103rd mile from Simla (and tho one outcrop strikes in tho direction of the other), 
it is clear that tho hornblendo rock 7niist strike obliquely across tho gneissose 
granite ; for the outcrop on tho ascent to Tliarandn occurs on the western margin 
of the granite, and indeed clear of it, whereas the outcrop opposite Pawanda 
occurs cither at, or near, the eastern margin of tho gr.anite. Appearances in the 
fieldHtW»;gfore favour the supposition that the hornblende rock is an eruptive rook 
intrusive ifi the gneissose granite and that it is of the same age as the latter, for 
it is itself penetrated by dykes of the granite. 

On the ascent from tho stream to Pawanda one cro-sses over the strike of the 
rocks, and those seen on the descent to the stream are rocrossed ; owing to vegeta- 
tion, however, there are not the same facilities for observing their details. 

Prom Pawanda to Narchar,* owing to forests, the rocks ai*e not often seen in 
situ, but when seen they are fine-grained non-porphyritic gneissose granites. 

* Derived, I should imapnc, from pawan "wind,” a speaking commentary on what the 
climate must be in winter. Tho stream alluded to is the one shown en the map os flowing down 
IVom the *' Snowy Peak No. 6,” into the Sutl-j lo the wost of Pang. Powanrla is on its right bank. 

^ The majority of the milestones, vit,, painted boards lot into stone columns have been onrriod 
off by Buddhist travellers from Tibet, under the imprestTuu that the words so many "miles from 
Simla” are an English invocation of the Deity. 

* Narcb.ir, one of the residences of the Sutlej valley Forest Officer, is not marked on the map. 
It is 4 miles on the Simla side of Waiigta. 
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Near Narchaar veins of white oligoclase intrasive granite begin to appear, and as 
Wangtu is neared, these veins become more abundant. 

At Wangtu all varieties of the gnoissose granite are well seen: some are per¬ 
fectly granitic; some are of the ordinary porphyritic type ; some reminded me of 
the unporphyritio varieties of the Dalhousie area, as seen on Dainknnd, in the 
Chuari pass, and at Sihunta, Veins of the latter variety, which is not to be 
confounded with the white oligoclase granite, are to bo scon in the porphyritic 
kind, whilst the white oligoclase granite traverses all the other varieties. 

At page 219 of my first paper (supra, Vol. X) I described a foliated horn- 
blende rock, which I considered to be an igneous rock in an advanced stage of 
metamorphism, traversing the gnoissose granite (then termed granitoid gneiss) and 
behaving as an eruptive rock. A good place for observing it is at the month of 
the Wangar stream, where it joins the Sutlej at Wangtu. I made a sketch of 
this on the occasion of my first visit, and another when 1 was last there. An 
attempt to give the reader the benefit of this is made at fig. I of the plate attached 
to this paper. A good picture from*an artistic point of view cani/ot be made 
of the subject, as it has to be viewed from above, and it is a physical impossibility 
to get down to a level with it on the opposite side of the Wanga stream. The 
rock itse'if can be reached, and dh both occasions I brought away hand specimens 
of the foliated diorite, but the side of the rock to which access is possible is not 
a good one for a sketch. 

Previous to commenting on the stratigraphy of the section now described I 
think it desirable to give the results of an examination of thin slices of the Ram- 
pur traps and of the hornblende rocks of the Sutlej valley as seen under the 
microscope. The rock seen at the junction of the Wangar and Sutlej rivers is 
described under No. 29. 


Part II. 

Notes ok the Mioboscopical Examination of the Traps, Diobites and Horn¬ 
blende Rocks of the Sutlej Vallet. 

Traps on the south side of the toim of Bampur. 

No. 1.—A greenish grey amygdaloidal trap. Sp. G. 2‘87. 

No. 2.—A fine-grained trap. Sp. G. 2 88. 

No. 3.—Taken from a bed that crops out close to the town. ’ Sp. G. 2*89. 

No. 4.—Taken from the middle of the southeijn outcrop. Sp. G. 2'87. 

No. 5.—Taken from near the southern margin of a bed that ;rops out on the 
bank of the Sutlej river. Sp. G. 2‘91. 

These specimens are of dark-grey colour, No. 5 having a somewhat greenish 
tinge. No. 3 is a speckled rock, and, with the aid of a pocket lens, it is seen to 
be distinctly crystalline. The other specimens may be described as being of 
compact texture, though minute blades of hornblende may be discerned in them 
with a pocket lens. 

M.—No. 1 consists of a mixture of hornblende, mica, and felspar; the two 
former being abundant. Magnetite and epidote are also present. Most of the 
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felspar is tolerably fresh and xnnch of it is distinctly triclinio: it contams micro* 
liths apparently of hornblende. 

The hornblende is in long slender prisml, or fibres; but cross*sections exhibit 
the characteristic prismatic cleavages. 

The amygdules contain zeolites, epidote, mica, iron pyrites and calcite. The 
presence of long strings of perfectly formed ^nica in the amygdnles renders it 
probable that the mica seen in the trap itself is also of secondary origin. In 
transmitted light it varies from a brown-green to an olive-green colour. 

The amygdnles above described contain a few minute Kquid cavities with 
babbles, but none were detected olsowhore. 

Nos. 2 to 5 contain hornblende, felspar, and mica in minute leaves. The 
hornblende is generally dark-green in colour, and is powerfully dichroic, except 
in No. 4 in which the hornblende is very pale in transmitted light, in the latter, 
however, the dichroism is stdl distinct. Nos. 2 and 3 contain calcite, and 2, 4, 
and 5, a few grains of free quartz. The quartz of 4 and 6 contain some minute 
liquid cavities with bubbles, but high powers are required to detect them. Gas 
pores are sparsely present in all the above specimens (2—-5). Nos. 2 and 5 
contain some haematite, and a little epidote. Sphene is abundant in No. 4, and 
one of the slices of No. 4 also contains a garnet. 

The felspar in Nos. 2 to 5 is visibly triclinic in the majority of crystals. 
No. 5 appears to contain a few prisms of orthoclaso, but this species of felspar 
could not bo identified in any of tno other slices. A piece of microcline is 
present in No. 4. 

In all the above slices (2—5) more or less of a residuum or base can be made 
out, which seems to consist in part of quartz., in part of felspar, and in part 
of a crypto-crystalline admixture of both. 

With the exception of a few specks in No. 4 the magnetite in all the other 
thin slices appears to have been converted into ferrite. Microliths of hornblende 
are abundant in all the specimens examined •under the microscope. 


Trap on the north side of the town of Bampur. 

No. 6.—^Amygdaloidal trap. Sp. G. 3 06. One half of the hand specimen is 
compact; the other half is crowded with small antygdulcs. Some of them are 
round, but others are somewhat elongated, the^longest axes being, more or less, in 
the same general direction. 

M.—The ground mass is composed of a granular crystalline material which is 
gfreenish white in reflected light. In transmitted light it is translucent rather 
than transparent, and Is of a dull whitish or yellowish green. It is not dichroio 
and between crossed nicols it polarises in a dull patchy way. It is probably a 
transitional form between hornblende pud epidote. In this ground-mass power¬ 
fully dichroio crystals of hornblende are embedded. Epidote is also abundant. 
A little free quartz is present here and there, but I have not observed any felspar. 

The amy^nles are composed of quartz, epidote, and calcite, 

A little magnetite is sprinkled about hj the slice. The free quartz in the 
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ground-mass contains a few liquid cavities with moveable bubbles, but there are 

the amygdules. 

No. 7.—Sp. Cr. 2-9.3. 

No. 8.—Sp. G. 2-94. 

No. 9.—Sp. O. 2-93. 

No. 10.—Sp. G. 3-00. 

No. 11.—Sp. G. 2-89. 

No. 12.—Sj). G. 3-03. 

No. 13.—Sp. G. 2-93. 

All these specimens (7 —13) are of davk-grey colour, with a slight inclination 
to a dull green tint. Nos. 8 and 9 are somewhat fissile, and have a feeble mica¬ 
ceous glaze on the splitting .surface. All arc compact, but with the aid of a lens 
micro-prisms of hornblende can be made out in most of them, and No. 12 seems 
to be almost made up of prisms of this mineral. With a lens the quartz and 
felspar can he distinguished from tha hornblende in Nos. 9, 10, and 11; whilst 
No. 11 is seen to have a fine foliated structure. 

The specimens 7 to 13 may bo divided into two classes; namely, those in 
which tjie ground mass consists wholly, or principally of quartz (9, 11 and 
12) ; and those in which it consists nearly wholly of feKspar, ns in Nos. 8 and 13 
in whicli there is no quartz. No. 7 occupies an intermediate position between 
the two classes. 

Epidoto is present in Nos. 8, 9, 10 and 11: it is usually quite colourless iu 
transmitted light. Magnetite is pi-esent in all slices except those of Nos. 7 and 8, 
in which ferrite takes its place. 

The felspar in Nos, 7, 8, 10, and 13, is, for the most part, visibly triclinic and 
none of it can bo recognised as orthoclase. 

The quartz, in those slices, is in micro-grains, a-.d in No, 12 the latter exhibit 
a tendency to assume crystallographic outlines. 

The dichroisra of the hornblende is very brilliant and axial sections exhibit 
the cross cleavage well. In No. 12 the prisma present in some cases very 
regular outlines. In all thc.se slices microliths of hornblende are abundant iu the 
ground-mass. ^ 

I have not observed any liquid cavities w ith bubbles in those slices, except in 
some of the epidote of No. 11, in Avhich they arc rather numerous. 

Narhanda quartz-diorite. 

Nos. 14 and 16.—Sp. G. 2 95. From an outerop on the road, about 3 miles 
on the Mattiana side of Narkanda, noted by Mr. Medlieott in his Memoir “ On 
the Geological structure and relations of the southern portion of the Himalayan 
range between the Rivers Ganges and Jtiavee.” Memoirs, Geological Survey, 
Vol. Ill, p. 40. 

M.—This rock is composed of hornblende, mica, triclinic felspar, and a little 
quartz. Magnetite, ferrite, and a little calcite are also present. Judging from 
the absence of dicl^roism, and from the angle of extinction, one of the slices appears 
to contain some augito whicli seems to have escaped conversion into hornblende. 
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I have Dot observed any liqnid cavities ■with moving bubbles, but some 
jwrtions of the hornblende are full of gas cavities and inclusions that follow two 
directions of cleavage. Liquid cavities with bubbles, full of air or gas, are also 
present in the hornblende. Sfllny of the microliths present in the slice are 
cracked and contain fixed bubbles. The appearance of tl»e slice is that of an 
intrusive rather than that of a contemporancciis igneous I’oek, and seems to be a 
normal quartz-diorito. 


Between Ramimr and Oaora. 

No. IG.—Sp. G. 2’9G. A very fine-grained speckled hornblende rock, in white 
quartzite, on the ascent from Kanipiir to Gaora. The hand specimen exhibits an 
incipient foliation. At first sight, from the mode of outcrop the rock appears to 
be intrusive in the quartzite, but on a careful examination of the outcrop on the 
occasion of my last visit, f failed to obtain any actual evidence of intrusion. 

M.—The'ground-mass consists of gnsiiular (piartz. Hornblende is abundant. 
The slice also contains a little epidote, colourless in transmitted light, and some 
micro-garnets. No liquid cavities could be discovered. The slice contains no 
felspar, and magnitite is replaced by fciTite. 

No. 17. —Sp. G. 2’9.5. A be.autifully crystalline diorito. 

No. 18.—Sp. G. 2'!)6. A closely similar rock. It differs from No. 17 only 
in the fels{)atliic element not being quite so prominent. 

Both specimens are highly crystalline rocks ; tlie minute prisms of hornblende 
set in a white matrix being visible ta the unaided eye. The hornblende radiates 
in all directions, and there is not the slightest approximation to parallelism in the 
arrangement of the constituent minerals. These specimens appear to belong to 
the same type of rock as No. 4; there seems bean advance in crystallization—that 
is all, 

M.—The hornblende is in mns.sive prisms, most of which are twinned. When 
seen in section they are six-sided, and exhibit the prismatic cleavages well. The 
hornblende is also present in the form of micro-prisms and crystals, 

Tisa'ithor constituents of the rock are felspar, quartz, magnetite, and mica. 
Some of th^ felspar is visibly triclinic: the mica is not abundant, and the quartz 
is subordinate to the felspar. 

The rock contains air or gas inclusions, and some liquid cavities with fixed 
bubbles. Microliths with fixed bubbles and elongated shi-inkage cavities are also 
present. The bubbles in the liquid cavities are large compared with the size of 
the cavities enclosing them. There are some colouijess microliths “that may bo 
apatite. 

The aspect of the rock under the microscope is that of an eruptive one. 

It is apparently the same rock as No. 4, but of more grafiitic structure, being 
almost completely holocrystalline. Tlie sphene of No. 4 is not present in very 
thin slices of Nos. 17 or 18, but appears in the specimen next to be described. ■ 

No. 19.—Sp. Q. 3'04. A dense, fine-grained hornblende rock, speckled with 
minute white^ specks. 

M.—This specimen so closely resembles No. 17 in microscopic stracture that a 
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separate description is nnnecessarj. It contains what appears to be sphene. It 
is more translucent than titanito osaally is, and it w granular in structure, pre¬ 
senting none of the characteristic forms of sphene; on the other hand its optical 
characters agree precisely with those of sphen^; its dichroism and powerful 
double refraction being very characteristic. Every piece of sphene in the slice 
(and they are numerous) contains very many irregularly shaped fragments of 
ilmenite, or magnetite, probably the former. 

No. 20.—Sp. G. 2'9d. This specimen is made up of hornblende, mica, and 
quartz. Ilmenite, or magnetite, is also present, apparently the former. It is 
associated with sphene as in No. 19. The hornblende is much corroded and eaten 
into by granular matter and minuto grains of quartz. Microliths, some of which 
are of mica, contain fixed bubbles, and many of them enclose a plurality uf them. 
The slice does not contain any liquid cavities with moving bubbles. 


Between Oaora and Sarhan. 

No. 21.—^Hornblende rock. Sp. G. 3‘03. The hornblende is of the same 
character as that of the specimens already described. The ground-mass is com¬ 
posed of a mixture of quartz and tricliuic fel.spar. The .slice contains numerous 
small, well-crystallized garnets, some schorl, magnetite, .haematite, and a little 
mica. I have not detected any liquid cavities with moving bubbles, but some of 
the microliths contain internal cavities. The hornblende encloses numei’ous 
micro-inclusions which contain fixed bubbles. A quartz grain sliced at right 
angles to the optic axis, contains an oval-shaped inclusion of glass with a large 
oval-shaped fixed cavity at one side of it. The inclusion appears to be of glass, 
for it is almost invisible in reflected light, whilst when tested with, and without, 
the quartz plate, in transmitted polarised light, it vs quite inert. 

No. 22.—Sp. G. 2 90. From a bed in mica schist close to the locality from 
which No. 21 was taken. 

This is a distinctly foliated, fine-grained, hornblende schist. The weathered 
surface is micaceous. 

M.—There is a perfect parallelism in the arrangement of the h^VIende, 
with li-naa of finely granular quartz between the strings of hornblende prisms. 
The latter are not in continuous straight lines, but merge with each other here 
and there like the meshes of a net. Felspar is very sparao. The hornblende is 
in aoicular prisms, and is rarely massive. I have observed no liquid cavities with 
babbles. This is a very metamorphic-looking 1-ock. 

No. 23.—^Sp. G. 3 04. A» very fine-grained rock, apparently intrusive in the 
schists, on the road side 2 or 3 miles south of Sarhan. 

—^Under the microscope a parallelism is observable in the arrangement of 
the minerals. The ^ice is composed of hornblende in bladed prisms, and quartz, 
the grains of which show sharp ciystallographio outlines. A considerable amount 
of magnetite, in strings in the hornblende, and some ferrite, are present. There 
are no liquid cavities with moving bubbles, and the rock presents no special 
features. 1 only detected one piece of felspar in the slice, and this .^ve no indi¬ 
cation of twinning. 
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Between Sarhan and Taranda. 

No. 24.—Hornblende rock. In this specimen the hornblende predominates 
largely over the quartz. There is a present tendency to hexagonal outlines in 
the grains of the latter mineral. A little triclinic felspar is present. The slice 
contains microscopic garnets, but they are not numerous. Liquid cavities with 
movable bubbles are present in the quartz, but they are sparse. A few microliths 
contain vacuoles or shrinkage cavities. Some magnetite is also present. 

No. 25.—^Hornblende rook oppo -ite Pawanda in contact with a dyke ofgnoisB- 
ose granite. The specimen was taken from the contact edge. 

M.—Half the hand specimen has been converted into mica; the mica appear* 
ing along the line of contact between the hornblende rock and the gneissose 
granite. Under the microscope the hornblende, along a line parallel to the mica, 
has quite lost its colour; patches of green colouring matter, however, being left 
hei*e and there in the colourless prisms. All the hornblende at the outer side of 
the slice is deeply coloured, varying from a yellow to a blue green. The coloured 
portions are powerfully dichroic, and the cross cleavage is typically exhibited in 
both the coloured and colourless hornblende. 

There is a decided parallelism in the arrangement of the materi&ls. The 
hornblende prisms are set ih felspar and quartz, the former probably predomi¬ 
nating. Much of the felspar is visibly triclinio. The slice contains magnetite 
and some garnets. 

There are numerous microliths which contain cavities and inclusions. There 
a.Tf' a few liquid cavities with fixed bubbles. 

No. 26.—Hornblende rock. The hand specimen was taken from the out¬ 
crop on the ascent to Taranda, from the stream at the 102nd mile from Simla, 
Sp. G. 2’94. In one place the outcrop is distinctly fluted. 

M.—The hornblende is very perfect; dichroism is intense, and the prismatic 
cleavage is well-marked. The felspar, muph of which is visibly triclinic, pre¬ 
ponderates, 1 think, over the quartz; but in this, and the other Sutlej valley 
specimens, it is extremely difficult to discriminate between the quartz and fel- 
gpajjyhen the twin lamella) of the latter are not visible; the felspar is very glassy, 
and in extejsial outline, and in its appearance under the polariscope, it does not 
sensibly differ from the quartz. The minute size of the grains adds much to 
the difficulty. A close examination, however, with sufficiently high powers, will 
often bring cleavage lines to light, which enables one to discriminate between the 
two minerals. 

Liquid cavities with bubbles are present, and gas inclusions, some of which 
appear to have deposited mineral matter on cooling, are somewhat abundant. 
Microliths containing vacuoles are numerous; one, apparently of hornblende, 
contains four rounded vacuum bubbles of different ^izes, whilst in some others 
they are specially abundant. There arc‘ some micro-garnets. 

No. 27.—Sp. Q. 2'98. A very fine-grained, almoirt compact, hornblende rook, 
from a dyke in front of Pawanda, on the roail-side, 106 miles from Simla, that 
bftw apparently intruded through the centre of a dyke of the gneissose granite. 

M.—ThI slice examined is composed of hornblende and quartz, principally the 



78 


[vOL. XIX. 


Record* of the Oeologieal Surrey of India, 

foiiner. The quartz is in minute, well-ciystallizod grains, and there is no parallelism 
in the arrangement ot the constituent minerals. A. little triclinic felspar is mixed 
up with the quartz, and the slice also contains a little mica, magnetite and ferrite. 

Some liquid lacunae, with fixed bubbles, large in proj>ortion to the cavities, are 
to be observed in the quartz. Gjvs bubbles and iiTegularly shaped gas inclusions 
are common in both the quartz and hornblende. The latter also contaius numer* 
Otts other inclusions, most of which appear to bo filled with “ stony ” material, 
and contain round and fixed bubbles—often a plursility of them. These bubbles 
do not hold either air or gas, and seem to be shrinkage cavities. One cavity 
contained a large gas bubble combined with liquid or “ stony ” matter. Other 
stone cavities have internal deposits of a dark mineral, which, in general, has 
formed along their inner borders. 

No 28.—A qnartzoso mica diorite.—The hand specimen was taken from the 
banks of the Sutlej Nachar, near the hot springs. Sp. G. 2'84 

There are numerous veins of intrusive granite ii^ this locality ; one of them 
on the right bank has cut through the hornblende rock and converted it into a mica 
trap. This specimen is a crystsilline granular mixture of biotite, hornblende, 
felspar, and quartz. No parallelism of structure is visible. 

M.—-Hornblende is extremely subordimato to biotite and quartz to felspar: the 
latter is very hyaline, and most of it is visibly triclinic. The biotite and horn¬ 
blende together about equal the felspar. Micro-sphenes arc very numerous, and 
the slice contains a littlo magnetite. 

Liquid cavities with moveable and fixed bubbles are abundant; the bubbles 
are large, and cover about half the area of the cavities. 

Microliths arc extremely numerous; some are cracked, and many of them 
contain round and elongated vaciiole.s. Some contain a plurality of them. The 
slice contains liquid cavities with gas babbles, iho bubbles occupying above 
three fourths of each cavity. The whole aspect of tno rock is that of one of the 
igneous class. 

No. 29.—Hornblende rock, Wangtu. Sp. G. o 02. The rock at Wangtu is 
very fine-grained, and shows distinct parallelism of structure when examined with 
a lens. - 

The hornblende is very green in transmitted light, and is powerfn’Iy dichroic. 
The mineral next in abundance is quartz. There is a littlo triclinic felspar pre¬ 
sent and multitudes of micro-sjjhenes. 

The quai'tz is moulded on to tho hornblende; liquid cavities with moveable 
bubbles are present, but they arc not numerous. ^ Gas caviti('S are also present. 

The Wangtu specimens contain microliths with shrinkage cr..cks and vacuoles. 

No. 30.—Hornblende rock. Between Wangtu and ChJgaon. Sp. G. 3’02. 
This appears to be the same bed as that seen at Wangtu, but it has hero become 
a fine-grained.mixture^of biotite, hornblende, quartz, and felspar; the biotite and 
hornblende being about equal in amount. ^ , 

The hornblende is so black and lustrous, and tho grain is, so small, that it 
would require a very sharp eye anH a good pocket lens to detect the change in 
^he rock. It still exhibits a fine but decided foliation. A few micro-garnets 
appear to be present. * 
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Under the microscope the rock is seen to be perfectly crystalline. Mioroliths 
abound, many of them being of hornblende; and-a large number of them contain 
shidnkage cracks and vacuoles. Liquid cavities with moveable bubbles are pn- 
sent, but sparse. 

No. 31.—Hornblende rock. This specimen was taken from the same locality 
as No. 80, close to a small granite dyke that cuts across the bed. As compared 
with the last specimen, quartz has dwindled into comparative insignificance; and 
felspar, nearly all of which is visibly teicHnic, predominates largely over it. 

The slice contains liquid cavitirs with moving bubbles,•and inclusions ivith 
mineral deposits and fixed bubbles. Magnetite or ilmenite is present in some 
abundance. 


Part III. . 

Remarks on. the Character of the Rocks described in the pbecedino parts. 

<» ' 

AND ON THE SflUTIollArnT OF THE REGtON, 

Amongst the trap south of the town of Rampur, amygdaloidal specimens are 
not uncommon ; the hornblondic trap is intercalated with slaty beds, and about 
the middle of the series three bands of quartzites occur sepaiated by beds of 
slate. 

The amygdaloidal character of some of these traps seems to point decidedly to 
a volcanic origin, and 1 see no reason to class them with the platonic rocks. 
They crop out very nearly on the horizon occupied by the basic volcanic series of 
the Dalhousie area, and their position agrees well wdth that of the Rashmir 
traps, which occasionally pass up into the lower carboniferous series. 

The Rampur traps differ from those south and north-west of Dalhousie, 
inasmuch as the amphibole clement takes a decided place in them; but I have 
pointed out in my last paper that the HuTh and Sao traps, to the north-east of 
Dalhousie, show a decided tendency to become hornblendic. 

It may be that the volcanic rocks, in their extension into the Rampur area, 
undemrcct a change of type. I have, in my last paper, given my reasons for 
believing that the view adopted by Mr. Lydokker in his Memoir on Kashmir is 
correct, and that the ancient lavas of the North-Western Himalayas were not 
fissure eruptions, but were emitted by volcanoes dotted over the then surface of the 
country. That being the case, there would be nothing surprising in the fact that 
volcanic activity extended over a considerable period in time, or that the lavas 
which issued from the different volcanic cenfres differed from each other consider^ 
ably in type. That the latter was really the case will, I think, be clearly seen* if 
we compare the results of the microscopic study of the traps south of Dalhousie * 
with those north of Bhandal, and with those at Hulh and Sao.® 

I am disposed, however, to attribute the hornblondic character of the Rampiir 
traps to another cause, namely, to metamorphic qction. 

» Beo. Qeol. Surv., Vol. XVI, p. 178. 

' See in m; last paper. 
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The amygdaloidal character of some of the Bampar traps south of the town 
indicates that these traps are true lavas; whilst it is clear to me that the rooks 
at Bampur, immediately north of the town, belong to the same series as the traps 
on the south of the town. The high specific gravity of the hand specimens from 
both the north and the south of the town, on the other hand, seem to indicate 
that their affinities are with the basic lavas rather than with the hornblende- 
andesites. 

Augpte, as is well- known to mineralogists now-a-days, is not a stable mineral; 
but on the contrary*it exhibits a strong tendency to set up molecular changes, in 
the presence of metamorphic action, that result in its settling down into the more 
stable form of hornblende. 

An interesting rSsumS of the evidence bearing on this point has recently been 
published in the American Journal of Science,^ and it will be sufficient to refer to 
that article, and to the authorities quoted therein, as a guide to any one who 
wishes to pursue the investigation. The papers of Mr. J. A. Phillips (Q. J. G. S., 
XXXII, p. 155, and XXXIV, p. 471) in which the change of augito into horn¬ 
blende is proved, and certain “ greenstones ” are shown to bo altered doleritic 
lavas, may also be referred to. 

“ Jukes long ago,” Mr. Williams writes,® “ suggested that many areas of 
hornblende rocks might be accounted for by the alteration of old lavas, and this 
seems now to be fast gaining ground. ” Hornblende schists, in particular, have, 
it has at different times been suggested, resulted from the alteration of basaltic 
tuff.® 

“ Quite recently,” to quote again from Mr. Williams’ psiper, the possible 
widespread geological importance of the paramorphosis of pyroxene to amphi- 
bole in accounting for the existence of many areas of horublendic rocks by the 
alteration of other rocks, originally angite, has attracted much attention. This 
change has been carefully followed in ‘Norway, Austria, Saxony, and several 
other European localities, as well as on this continent in New Hampshire, 
Wisconsin, and in the region about Baltimore.” 

One remark made by Mr. Williams has an especially important bearing on the 
inquiry into the origin of the Sutlej valley hornblende schists, namely, “J[n the 
great gabbro area, west of Baltimore, the massive diallage and hypersthene rocks 
occur everywhere imbedded in, and passing by gradual transitions into more or 
less schistose amphibolites, which differ from them mineralogically only in the 
crystalline form of the bisilicate constituent. These amphibolites have, through¬ 
out the whole area, a nearly parallel strike and dip, and many other facts, which 
cannot here,be enumerated, indicate that their schistose strreture is like slaty 
cleavage, the result of lateral pressure. That the amphibolites have resulted from 
the paramorphosis of the pyroxene in the gabbros is abundantly, proven both by 
microscopic study and their relations in the field, and the fact is very significant 
that throughout the area, as a rule [the, italics are in the original paper], the 

^ On the Paramorphosis of Pjrorene to Hornblende in rocks; by Qeo. H. Williams, Yol. 
XXYUI, p. 269 (Oct. 1884). 

* See also Oeikie’s Toxt-Book of Geology, p. 121. 

* For iustauce sec Quur. Jour. Ucol. 8ur.,.Vol. XXXIX, p. 19. 
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tchistosa ttrudura it developed in ^proportion to the completeness of the paraiHOr- 
phosis.” 

I note in passing tbat one of mj hand specimens from tlio north side of the 
tomi of Bampur exhibits a distinct parallelism of strncturo, whilst some beds might 
be callen hornblende slates as their fissile character is well marked. The latter, 
I think, are probably altered ash beds. 

The view that the homblendic character of ±ho Bampur traps is due to meta- 
morphism, is favoured, not only by the general considerations indicated above, but 
by the fact that whilst observations in the field showed the rock series to the north 
of the town to bo a more repetition of that seen on the sonth of the town, the 
metamorphism of the northern wing of the syncHne—that nearest to the main 
axis of granitic eruption and motamorphic action—is more advanced than that of 
the southern wing; the beds of which tlie former are composed looking more like 
hornblende rocks, and less like lavas, than those which*compose the southern 
wing. 

Another feonsidcration is, if the rooks are not altered lavas, what arc they ? 
The amygdaloids of the southern wing seem to shut out the supposition of their 
being either metamorphosed sedimentary bods or platonic eruptive roc^s. Tho 
Bampur rocks occur, it seems to me, on tho horizon of tho volcanic series of 
Kashmir and JJalhousie, and I tliiiik they must belong to that series. 

The view was adopted in tho Manual of the Geology of India'- that the traps 
of the BiSs and Sutlej valleys w'ere intrnsivo and cotmected with the "extreme 
crushing and disturbance tho slates and limestone have undergone in those 
positions.” My microscopic study of tho Diiis valley traps exposed at Darang 
and Mandi,^ has shown that tlie rocks at both those places are altered basalts 
resembling those south of Dalliousio. Tho traps at Suni in tho bed of Sutlej 
are very much altered by aqncous agencies—a fact pi-obably connected with the 
presence of hot springs in that locality ; *but tho appearance of these traps, in tho 
field and under the microscope, leads me td class them with the lavas of the 
Dalhousie and Kashmir areas. My i-casons for claiming tho traps of Bampur 
as altered lavas have been given in tho preceding pages. 

I*" the Dalhousie area tho lavas come in above tho upper silurian conglo¬ 
merate and bdlow the oarbo-triassic series, as is well seen in the neighbourhood of 
Bhandal, Hnlh, Sao, and Aulansa, the details of which outcrops were given in 
my last paper. The traps under discussion appear to occupy a similar position in 
the valleys of the Bias and Sutlej, with the exception, as wo have seen, that at 
Bampur they extend into the lower carbonifei’ous series. They do not occur 
either in the Simla or in tho Dalhousie area in the gi’oat series of c<irbo-trias5io 
limestones, but they often touch, and are never far from those limestones in the 
Dalhousie area, and they appear to occupy a similar position at] Darang and 
Mnndi; at the Gairu mountain ® on tho north of tho Sutlej; iftid at Suni; * whilst 
they succeed the infra-Krol slates and tlio Krol quartzite at Bampur. 

* Manual, Geol. Siir., p. 606. * 

* Records, Geol. Sur., Vol. XV, p. 155. 

, • Mamoirs, Geol. Sur., Vol. Ill, p. 60. 

* Memoirs, Vol. Ill, p* 48. 
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The contortions and disturbance which the rooks have undergone in the areas 
alluded to, appear to have affected the trap as well as the adjoining rocks, for we 
read of the occurrence, under Gairu, of “ dark shaJy slates with much trap rock 
similarly disturbed; ”' and moreover it is evident that in the great tangential 
squeezing to which the Himalayas have been subjected, comparatively soft rocks 
in contact with intensely hard ones would faro the worst, and exhibit the most 
evidence of contortion. If tbe slates in contact with the trap therefore are in any 
of those localities more disturbed than the latter, it does not follow that the trap 
has welled up from below through the broken rocks. 

I must not be understood, by the above remarks, to deny the existence of 
plutonic eruptive rocks, basic or other, in the Sutlej and Bifis valleys; indeed 
the present paper goes to prove the existence of such rocks in a part of the Sutlej 
valley; but I think it important that the volcanic character of the traps at 
Darong, Mandi, Suni • and Rampur should bo recognised; and I suggest the 
probability of the traps at Gairu and Bihul belonging to this scries, because I 
think, in the absence of fossils, the infra-carboniferous volcanic secies, and the 
upper Silurian conglomerate, constitute geological horizons which will afford 
us important aid in unravelling the geology of the unfossilifcrous parts of the 
Himalayas. When wo find trap, cropping out side-by-side with the conglomerate, 
with no actual evidence of intrusion, the probability seems to me groat, that the 
trap will, upon a careful investigation, prove to belong to the infi’a-carboniferous 
volcanic scries. 

Mr. Bridges Lee, of the Lahore Bar, wlio has travelled much in Kashmir, 
Zanskar, and other pai’ts of the Horth-West Himalayas, and who, I trust, will 
some day give us the benefit of his observ ations, informs me that in all places 
visited by him, the volcanic series invariably come in above the upper Silurian 
conglomerates, and below the carbo-triassic limestones. They afford the geologist, 
therefore, a definite horizon of much value. 

In connection with the subject ofi the traps it may not bo out of place to refer 
again to the metamorphism of the Jako beds at Simla. This has (see ante) been 
referred to the contact action of acid igneous rocks from above in the form of 
laccolites; but may it not have been owing to the overflow of beds of basig^java 
connected with the volcanic activity which prevailed in this regionrbetween the 
close of the Silurian and the middle of the carboniferous period ? The schists of 
Jako are believed by Mr. Medlicott to be the representatives of tho “ shaly slates 
of Solan,—^the black shales at the base of tho Krol* that is to say, to be the 
representatives of the black infra-Krol shales at the ba^o of the Krol mountain. 
At the Elroh they immediately follow tho upper silurian (Blaini) rock,’, and are 
believed to be of lower carboniferous age.® 

Lavas of tho age of those seen at Rampur might well, therefore, have been 
poured out over tbe lower carboniferous beds of Jako; and this explanation 
would also account for what I have very generally observed at Simla, Halhousie 

1 Memoin, Geol. Sor., Vol. Ill, p. 60. 

* Memoin, Qeol. Snr., Vol. Ill, p. 34. 

> Memoirs, Qeol. Sur., YoL XXII,‘p. 201, compared with p. 16ff 
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and elsewhere; namely, that the dark in£ra>Krol rocks havo very often a strong 
micaceons glaze on them and a senu>metamorphic aspect. 

The supposition that these beds were subjected to contact metamorphism from 
above before they were disturbed, and before the strata were thrown into their 
present folds, will help to explain difficulties in local geology which might other> 
wise prove to bo stumbling-blocks. I have already explained (see ante) that 
tangential pressure cannot be urged, in the case of the Jako beds, to explain their 
metamorphism. 

I pass on now to consider the case of the amphibole Tocks of the Sutlej 
valley. The hand specimens collected higher up the Sutlej valley than Bampur, 
from the localities described in Part I of this paper, have all, superficially, very 
much the same general aspect; they are very fine-grained, dense, black-looking 
rocks; but when examined with the aid of a pocket lens, some would bo classed 
as hornblende rocks and some as liomblundo schists. An examination of thin 
slices under the microscope shows that some of these rocks have the composition 
of quartz diorites. 

All the specimens examined by mo*have much in common with each other; 
they consist of combinations-of hornblende, mica, felspar, and quartz. In some 
slices the mica disappears; in some, felspar predominates largely over tRe quai*tz; 
in others, the felspar is very sparse and quartz largely takes its place, whilst in 
some the felspar wholly disappears. The felspar belongs to the triclinio system, 
and it is a peculiarly glassy hyiiline nr lneral. 

The mere abundance of quai*tz in some specimens does not seem sufficient to 
take them out of the category of diorites. Mr. Rutley, in his Stvdtj of Eocks,^ 
remarks that “ a voiy largo number of diorites are quartziferous and Zirkel, in 
his account of the diorites of the Fortieth Parallel, writes that “ in the plagioclaso 
rocks the presence or absence of quartz is not of so much importance as in the 
orthoclaso series; in the former, it often happens that the same deposition is in 
one place free from, in another poor, and again rich in quartz—a phenomenon 
which does not occur in the orthoclase rocks.” * 

In rocks that have been subjected to metamorphic action, the presence of quartz 
has still less significance, as it sometimes results from the decomposition of other 
minerals sucji as augito and felspar. Contact with granite, also, has sometimes a 
silicating influence. 

The presence of a fine foliation, which is exhibited by many of the Sutlej 
valley specimens, moreover, is no proof that these rocks are of sedimentary origin. 
Foliation in amphibole rocks, as we have already seen (see ante), is often the 
result of lateral pressure. Since the above remarks were written qnd set up in 
type, an instance of the metamorphosis of dolerite into homblende-sehist has been 
described by Mr. J. J. £[. Teall, (Q. J. G-. S., XLI, p. 133) ; and it is interesting to 
note that he also (p. 138) experienced a difficulty in discruyinating between the 
quartz and felspar of the convetted hornblende schists of Scourie, similar' to 
that which I experienced in the case of Sutlej valley amphibolites, A similar 

* 8nd Edition, p. 242. 

‘ ’ MicroacopioaPotrology, p, 64. 

• F I 
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diilicuitj in diotingaishing the quartz from orthoclase in a quartz-diorite is noted 
bj Fouque and Michel L6vjr in their Mineralogie Micrographiqnc, Part II, Plate 
XXIV. 

I hare already, in Part I of this paper, made allusion to several cases in 
which the fine-grained foliated amphibole rocks of the Sutlej valley appear as 
intnidors in the schists and in the gneissoso granite. The Wangtu case deseiwes, 
I think, some further comment. A sketch of this example is given at figure 1 
of the plate attached to this paper. 

This dyke extends ajjpaioutly for many miles. Above the junction of the 
Wangar river, there is only one dyke ; but between the bridge over the Sutlej at 
Wangtu, and the Wangar river, this apparently splits up into two parallel dykes.* 
The two dykes are bisected by the Wangar river, and the sketch shows their 
appearance in titu, on the smooth face of a rock composed of gneissoso granite, 
wliich overhangs the rivtr on the right bank of the Wangar, at its junction with 
the Sutlej. 

A nietamor|)hosed sedimentary rock might conceivably be squeezed up into 
a crack formed by a rupture of the granite ; but this explanation is not, I think, 
applicable to the present case. The foliation of the hornblende rock runs with 
the dyke, and is parallel to the bounding walls of gi’anite. The fine linos of. 
homblendo rock (foliated tonalito) between the two dykes, penetrate the granite, 
diverge from each other, unite again, and again diverge, and terminate in the 
upper tongue, in a way that seems to indicate unmistakably that the amphibolite 
ate its way into the granite in a. condition of igneous fusion, A like inferonco 
may also, I think, bo fairly drawn from the behaviour of the two tongues which 
have eaten their way into the granite at right angles to the course of the dyke 
from which they emanated. 

At figure 2 I have given a sketch of a portion of what seems to me the same 
-dyke which occurs higher up the Sutlej, in the strike of the Wangar dykes, a few 
miles beyond Wangtu. The sudden way the dyke changed its course and bulged 
out at the elbow, at the turning point, can hardly bo attributed to contortion. 
The direction of the lines of fine foliation is indicated by the an-ows. 

When examined finder the microscope, the quartz-diorites and amphibCIitos 
described in Part II, with scarcely an exception, exhibit structural cnaracteristics 
which show that they have been subjected to great heat and high pressure. 
Taking Nos. 18, 21, 2G and.27 as examples, I find that they contain air or gas 
inclusions, and liquid cavities with movoahlo bnhhles, the hubbies being largo 
relative to tho area of the cavities, and indicating ^onsidorablo contraction of 
tlio liquid on'cooling and consequently a previous condition of great neat. They 
enclose numerous microliths containing fixed bubbles, and elongated shrinkage 
cavities, and microliths that have cracked on cooling. There are also gas inclu¬ 
sions that have deposited mineral matter on cooling, and liquid cavities contain¬ 
ing gas bubbles. In short, these slices exhibit structural characters consistent 

* Tlio dyke crosses the rjrer Sutlej obliquely, and then strikes across the Wangar river and 
np inaccessible cliffs. It is physically impossible to follow it. Tho same dyke, or what appears 
to be the same dyke, reappears several times higher uf the Sutlej on the road to Rbf i. 
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with their being platonic eruptive rocks. I see no reason, on the whole, why 
they should not be classed as such. 

It is possible that some of the more metamorpliic-looking beds, as for instance* 
that from which .slice No. 22 was taken, may bo highly metamorphosed ash, or 
lava beds, of ancient geological date; and that those of more decided eruptive 
type may bo old lava bods melted down and squeezed into a now place j but 
speculations regarding the origin of the latter class seem to be out of place; it is 
enough to know that, even if they had tho origin suggested, they must now be 
clas.sed as eruptive rocks. 

Assuming, then, tliat ilie dykes of amphibolite in the gneissose granite are of 
eruptive origin, it would seem that they were erupted pinor to the complete 
solidilicalion of tho gneissose granite, and consequently, if tho views regarding 
the age of the latter oxpi'e.ssed in my previous papei^ ' are sound, it follows that 
they also are probably of tertiary ago. At Narchar, at VlTangtu, and between 
the latter place and Ohigaon, tlie amphibolite or foliated diorite dykes cut 
tlirougli all the varieties of the gneisses© granite, but they are themselves cut 
through by dykes of the white oligoclase granite. Sometimes tho oligoclaso 
white granite dykes run a parallel course with the amphibolite ow foliated 
diorite; sometimes they cut straight across it at right angles ;■ whilst at other 
times they strike up to it, aud after having run with it for a little way, pursue 
their former course. 

To sum np my observations on the traps and hornblende rocks; I regard 
the lioi’uhlondic traps at Rarapur as metamorphosed lavas of lower carboniferous 
ago. The hornblende rocks and quartz diorites at Pichwara may bo either in¬ 
tensely metamorphosed lavas, or more probably eruptive rocks consolidated at no 
gi’cat depth below the surface; but tho amphibolites further to the north are of 
decided pliilonic chaincter, and belong, to the period of granitic eruption. Tho 
uniformly hornblencUc character of all these rocks I regard as the result of tho 
great metamorphie action to which they have all been subjected, resulting in the 
conversion of tho pyroxene of basic ernptivo rocks into liornblende. 

It.may bo as well, in conclusron, to offer a few remarks on tho stratigraphy 
of The section described in tho preceding pages. 

At Jutog, and on Prospect Hill (Simla), wo have tho limestones of tho earbo- 
triassic* series let down by a fault against the Krol quartzites seen at Boileauganj. 
On Jako we have the altered beds of tho infra-Kror(lower carboniferous) series. ’ 
The Blaini (upper silurian) magnesian limstones and conglomerates come in on 
the flank of Jako, at the Lakn Bazar, and may be traced a far as tho Sanjoli 
Bazar. They are succeeded, on the road to Narkanda, by the Simla slates (middle 
Silurians); but an anticlinal flexure brings down the carbo-triassics again between 
F%u and Thiog. The limestones of this series arc seen in force between their 

> Records, XVI, pp. 143,191,19?. 

31 use this term in n somewhat vague sense. In tiio N.<W. Hiinakyos the csrboniferons 
limestones appear, at times, to run into tho trinssic series Vithout a break; but in the absence of 
fossils it is often impossible to say whether, or not, in any given outcrop, the aeries is complete. 
On Prospect Rill, for instance, wliat remains of these limestones are probably wholly of carboni¬ 
ferous age. 
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outcrop on the Fdgn-Thiog road and the Sh&li peak. The thick series of lime* 
stones seen on tho Shdli, I now see no reason to doubt, b(dong to the carbo- 
triassic series. Between the Shdli and Simla, there is a sudden transition from 
the limestones to the Simla slates. The junction is probably a faulted one, and 
the fault apparently extends to a little north of Fdgu, for though the Blaini rocks 
are seen to the north and to the east of Thiog, they do not crop out, as they 
ought to do, on the road-side between Fagu and Thiog. 

North of Thiog the limestones and slate rocks of the Blaini and infra-Krol 
series dip under massive quartzites, which doubtless represent the Krol quartzite. 

A little beyond Mattiana schistose calcareous bods come in, which I apprehend 
arc highly altered numbers of the Krol series. Somewhere between these beds 
and Narkanda, I think the existence of a fault must be assumed. Some of tho 
beds here displayed remind mo very much of the mica schists of Jako, and it 
seems open to us to suppose that their metamorphism is due to the causes which 
have conduced to'the metamorphism of the Jako beds; but near Narkanda, we 
come, on the flank of Ilattu, to beds of gneiss. 

The microscopic examination of the Hattu gneiss, contrary to my then 
expectations, did not favour the hypothesis that this rock had an eruptive 
origin,' and'I see no reason to class it with the gneissose granites. 

But oven if wo discard the gneiss beds from consideration, the schists exposed 
at Narkanda, on the road to Kotegarh, are mica schists of an extremely pro¬ 
nounced type, and I do not think they can bo younger than of lower silurian ago. 

Assuming their ago to be that here assigned to them, and assuming the 
existence of a fault between Mattiana and Narkanda, the section onwards may 
be described as follows. At Narkanda the oldest rocks are found at the point 
of highest altitude ; whilst at Eampnr we have the younger rocks occupying tho 
valley of the Sutlej. The dijj is north-oastt'rly; and, according to my view, the 
older rocks dip under younger ones,.and wo have a regular sequence of rocks 
between Narkanda and Rampur, beginning with the lower silurians (or Cam¬ 
brians ?) at Narkanda, and ending, at Rampur, with the volcanic series of lower 
carboniferous ago. ^ 

Tho Simla sldtes in this series are probably represented in ,part, by-the 
micaceous rocks near Kotgarh, and by the thick series of silicious rocks between 
Kotgarh and Narkanda. The argillaceous element probably gave way in this 
region to the arenaceous. 

At Rampur we find a fault along the axis of a s^clinal flexure. The Krol 
quartzite is pgain brought up, and the volcanic seritis follow in inverted order. 
The quartzites, which to tho north of Rampur follow the volcanic series (I do 
not allude to the quartzites intercalated with tho traps) represent, in my opinion, 
the quartzites seen ip the southern wing of the syncline between Narkanda and the 
Nogli stream; but the infra-Krol carbon ayoous beds, so typically developed south 
of the Nogli, have disappeared from tho section north of Rampur. These beds 
may cither have been cut off By the fault which, on my interpretation of the 

’ See reinnrks on slices 51—53, Becords, XVII, pp. 60, 61, in wliich I recorded my conviction, 
based on niiccoscopical evidence, that these specimens were “ metamorpliic " rocks. 
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aeotioii, must be placed between the northern boundary of the voloanic series and 
the qnartzites; or they may have thinned ont. 

The qnartzites beyond Bampur are conformably sncceeded, first by while 
mica schists that resemble some lower silurian bedsi n the Dalhonsie area; then 
by mica schists of a pronounced type, and finally by gneissic beds, the foliea of 
which are greatly crumpled, and which, I dt ubt not, are altered sedimentary beds 
of lower silnrian or Cambrian age, • 

According to the yiew exphjssed above, the two outer ends of a long synclinal 
flexure are occupied by the older rocks, with the younger rocks in the middle. 
The older rocks dip under the younger from Narkanda down to the Nirat out¬ 
crop of the gneissose granite; whilst from Rampur to Gaora the rocks are in 
inverted order, the younger dipping under the older. Between the Nirat outcrop 
of the gneissose granite and Rampur, the younger rocks have been considerably 
crushed, especially at Nogli; and the squeeze has been so great that though the 
volcanic series present, as I believe, a regular sequence from the Krol quartzite at 
the Nogli up to the fault at Rampur, and from the Krol quartzite at Rampur up 
to the northern-boundary of the volcanic series, yet the Krol quartzite has been 
brought into contact with the highest beds of the volcanic scries and a,divergent 
dip imparted to the volcanic beds on either side of the Rampur fault. That the 
younger beds in the middle of the long synclinal fold stretching from Gaoiu 
to Naikauda should have been srbjected to such intense compression is hardly 
surprising, for they must have sufEered, not only from the tangential pressure 
which produced the synclinal fold, but also from the compression caused by the 
intrusion of the Nirat gneissose granite. 

There is a fault at the end of the southern wing of the synclinc, to the south 
of Narkanda, another along the axis of the synclino at Rampur, and a thiid 
between Rampur and Gaora. 

Between Gaora and Wangtu no new sedimentary bods come in. 

The gneissose granite penetrates the southern wing of the synclino in the 
middle of the infra-Krol (lower carboniferous) scries. In the northern wing 
it intrudes much lower in the series, appearing in the lower Silurians and (?) 
ca&brians. 

The quakz-diorite or amphibolite appears in the northern wing of the anticline 
only, and it evidently belongs to the period of granitic eruption. In my papers 
in Vol. XVI already referred to (see foot note ante) I adopted the view that 
the gneissose granite was erupted in tertiary times, and I have since seen no 
reason to modify that conclusion. 

In ofltering the above remarks on the stratigraphy of the Simla’ and Wangtu 
section, I am deeply sensible of the danger of framing theories based on road-side 
observations along a single line, before the neighbouring country is surveyed and 
mapped by a competent geologist; but as there seems no ilnmodiate prospect of 
this being done, and as the task, whenever it is undertaken, will be a long and 
laborious one| it may not be out of place to record the impressions that have been 
left on my mind by the fticts at present available, 

A modification of the interpretation of the Narkanda-Wangtu section pro¬ 
posed above, that might suggest itself to some minds, is that the inf{a-Krol rocks, 
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the Krol quartzite, and the volcanic series were deposited in a basin formed the 
denudation of older rocks; but this view is not favoured by the fact noted in Part 
I of this paper; namely, that there is a gradual decline in the metamorphism of 
the rocks from Kotgarh down to the black infra-Krol beds. However, were this 
modification to be adopted, the general featui’es of the section w'ould remain the 
same as that suggested above ; we should still have a broad synclinal fold with the 
older pocks on the outer flanks and the younger rocks in the middle ; wo should 
have the volcanic series and the Krol quartzite compressed together, and ruptured 
by a fault, the older beds on one side* of the fault being brought into contact with 
the younger beds on the other side, the beds on one side being in inverted order. 


ADDITIONS TO THE. MDSEUM. 

r 

FnoM 1st Octobbs to .SIst Dkcembeb 1885. 

Fibrous quartz, psciidomorphous after crocidolite, from Griqualand, South Africa. 

Pbeskkted by Mb. W. Theobald. 

Two small pieces and some fragments of the metenrilo that fell near Subetmahet village, at 
Muthura-ghat (N. Lat, 27“ 35', E. Long. 82“ 7'), 11 miles N. W. of Balrampur, 
Gonda District, Oudh, on the IGth August 1885. Tlie weight of the two pieces and 
fragments is 2'84 grammes. 

Fbom the Deputy Commissioneb of Goeda, Oudh. 

A specimen of galena, from the Thandiaua range, Abbottubad Tahsil, Hazara District, 
Punjab. ^ 

Phesented by the Deputy Commissioneb of Hazaba. 

Specimens of slate from the Kharakpur Hills, near Monghyr. 

Pbesbnted by Messbs. Amblsb & Co. 

Five cut and partly polished blocks, and a cup^and saucer of pofstone (extensively used for 
idols, vessels, from Pattarkatli, 20 miles N. N. £. of Gayd. 

Fbom the Public Wobbs Dbfabtment, Calcutta. 


ADDITIONS TO THE LIBRARY. 

Fbom 1st Octobeb to 31st Decembeb 1885. 

Titles of Boohs. Donors. 

Andbe^:, Dr. A .—Die Oligocanschichtcn im Elsass. 8° Strassburg, 1884. 

^ Stbasbubo Univebsity. 

Bbckeb, Qeorge J*.—Impact friction and faulting. 8“ Pam. New Haven, 1886. 

The Authob. 

„ The geometrical form of volcanic cones and the elastic limit of lava. 

» 8“ Pam. New Haveu, 1885. Thb Authob. 

Brezina, Aristides.—Die Meteoritensammlung des K. K. Mineralogischen Hofkabinetes in 
Wien am 1 Mai i§85. 8“ Wien, 1886. Thb Authob. 

Bbone’s Klassen und Ordnungen des Thier>Rdichs. Band I. Protozoa, lief. 29-34; Band 
II, Porifera, lief. 11; and Band VI, Abth; 4, liefi and Ablb. 
6, lief. 28. 8“ Leipzig, 1885. 
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Titles of Books. Donors. 

Catalogue of the collection of rough Diamonds, now on exhibition, by Tiffany k Co. 8” Pam. 
New Haven, 1885. 

Dioikcocbt, Dr .—Aimnaire g^ulogique nnivereel et guide du gdologue antoiir de la terre 
- ' daua les Musdea, les principales collections et leg gigcments de foesilee «t 

de mindroux. 8** Faria, 1885. Tjie Avthob. 

Dana, James Dwight .—Origin of Coral Reefs and Islands. 8° Pam., 1885. The AniBOB. 

Emnons, S. F., and Bbckbb, George F .—Geological sketches of the preoious metal 
deposits of the Western United States, with notes on lead smelting at 
Lcadville. 4'* Washington, 1885. Thb Acthobs. 

FrsoHEB, JIannol de Conchyliologio et do Paldontologie Conchyliologiquo histoire 

naiurellc des Mollusques vivants et fossiles. Fasc. IX. 8° Paris, 1885. 

Guide dans la collection dc Mdteoriles du Musdum d'Histoire Naturelle. 8° Para. Paris, 
188:2. PiiUFKSSOB Daubb^b. 

Haas, 2,—Monographic der Rhynchonellen der Juraformation von Elsass-Lothringen. 

With atlas. 8° Strassburg, 1881. Stbasbdbo Univbbsitt. 

Jeans, M. TK-—Nautical Astronomy and Navigation. Part I, 3rd edition, and Part IT, 
6th edition. 8“ London, f87C and 1884. 

Justus Perthes in Gotha, 1785—1885. 4“ Alunchen, 1885. Justus Fbbthbs. 

Kunz, George F .—^American gems and precious stones. 8“ Para. Washington, 1883. 

Tub Authob. 

„ A note on the finding of two fine American Beryls. 8® Pam. Salem, 

1884. Tub Authob. 

„ On the Tourmaline and associated minerals of Auburn, Maine. 8° Pam., 

New Haven, 1884. The Authob. 

„ Andalusito from Gorham, Maine. 8° Pam. New Haven, 1884. 

Tub Authob, 

„ The white garnet from Wakefield, Canada. 8® Pam. New Haven, 1884. 

The Authob. 

„ Topaz and associated miperals from Stouehain, Oxford County, Maine. 


8° Pam., Salem, 1884. 


The Authob. 


„ On three masse-s of meteoric iron from Glorieta Mountain, near Canoucito, 

Santa Fd County, Now Mexico. 8® Pam. New Haven, 1885. 

The Authob. 

Lieastbom, List of the fossils of the upper siluriau formation of Gotland. 8° Pam. 

% Stockholm, 1885. The Authob. 

Mackenzie, Alexander .—Report on current-meter observations in the Mississippi river, 
near Burlington, Iowa, daring October 1879. 8^ Washington, 1884. 

Govbenmsnt op India. 

Mining and mineral statistics of the United Kingdom of Great Britain and Ireland, includ* 
ing lists of mines and mineral works for 1884. Flso., London, 1885. 

. GovbbniAnt op India. 

Mondt, Edmund P.— Mineral, mining, and metallurgical exhibits at the Calcutta Inter¬ 
national Exhibition, 1883*84. 8® Calcutta, 1885. The Authob. 

NbwIiANDS, John A. E .—On the discovery of the Periodic Law, and on relations among the 
atomic weights. 8® Lotiiion, 1884. Thb Authob. 

Nobtlinu, jFWYs.—Die Fauna dos samlandischen Tertiars. With atlas of plates. 8® and 4® 
Berlin, 1885. * Thb Authob. 

Official report of the Calcutta Interoational Exhibition, 1883-84. Vols. I—II. 6® Cal¬ 
cutta, 1886. Gotbbnmbnt op India. 
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7^le» of Books. Donors. 

Pal^ontologie Fran^aiso. Ire e^rie. Animaax Invert^brds, Terrain Jurassique. Livr. 70. 
8* Parie, 1086. 

Fvbvbs, iT. C.—Esquisse g^ologique de L’ He d’ Antigoa. 8* Pam. Bruxelles, 1884. 

Thb Authob. 

Qubbstedt, Fr. Handbuch der Petrefaktenkunde. Auilago III. Lief. 24—26. 

8" Tubingen, 1885. 

Reports of the Inspectors of Mines to Her Majesty’s Secretary of State for 1884. Fisc., 
London, 1885. R. A. Dkpt., Govbbnubnt of India. 

Stbwabt, Balfourt and Gbb, IF. W. Haldane .—^Lessons in elementary practical Physics. 
Vol. I. 8° London, 1885. 

The Norwegian North Atlantic Expedition, 1876—1878. Zoology. Crustacea, by G. O. 

Sars. I and Ib. 4° Christiania, 1885. The Comhittbb. 

Yab Hisb, C. R .—Enlargements of hornblende fragments. 8° Pam. New Haren, 1885. 

Thb Adthob. 

ViLlA, Giovanni Battista .—Rivista geologjca dei terreni della Brianza. 8 Pam. Milan, 
1885. Thb Authob. 

Wabd, Thomas H .—The Indian Coal Mines. Is legislation necessary to regulate their 
* working? A review of a paper by Joseph Chater. 8“ Pam. Calcutta, 1885. 

Thb Authob. 


PERIODICALS, SERIALS, Ac. 

American Journal of Science. 3vd series. Vol. XXX, Nos. 177—179. New Haven, 1085. 

Thb Editobs. 

American Naturalist. Vol. XIX, Nos. 7—9. 8° Philadelphia, 1885. 

Annalen der Physik und Chemic. New Polgo. Band XXVI. heft. 1—^3. 8“ Leipzig, 
1885. 

Annales des Mines. 8’’“° sdrie. Tome VII. livr, 3. 8° Paris, 1885. 

Detabthbbt of Mikes, Pabis. 
Annales des Sciences Naturclles. Botaniqne. sdrie. Tome II, No. 1. 8° Paris, 1885. 
Annales des Sciences Naturelles. Zoologio et Paldontologib. 6^0 serie. Tome XIX, No. 1. 
8° Paris, 1886. 

Annals and Magazine of Nabiral History. 5th series.'Vol. XVI, Nos. 94—96. 8° London, 

1885. 

Archiv far Naturgeschiehte. Jahrg. LI, hefl 2—3. 8° Berlin, 1885. 

Athenasum. Nos. 3020-^3033. 4” London, 1886. 

Beiblatter zn den Annalen der Physik und Chemie. Banl IX, Nos. 9—11. 8° Leipzig, 
• 1886. 

BibHoth^ue Universelle. Archives des Sciences Physiques et Natarelles. 3'”< pdriode. 
Tome XIV, Nos. 7—8. 8“ Genbve, 1885. 

KMiothbque Universene et Revue Suisse. 3i»« pdriode. Tome XXVII, No. 81, and 
XXVIII, No. 82. 8* Lausdbne, 1886. 

Botaniaoher Jahresbericht. Jahig. X, Abth. II, heft 2, & XI, Ahth. I, heft 1. 8” Berlin, 

1886. 

Botanisches Contralblatt. Band XXIIT, No. 10, to XXIV, No. 10. .8* CaiBel, 1886 . 
Chemical Neijrs. Vol. LII, Nos. 1346-1359. 4P London, 1885. 
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Kites of Boohs, Donors. 

Colliery Guardian. Yol. L, Nos. 1289—1302. Fol. London^ 1886. 

Das AuKland. Jahrg. LYIII, Nos. 35—19. 4° Stuttgart, 1885. 

Geological Magazine. New series. Decade III, Yol. II, Nos. 10—12. 8” London, 1888. 
Iron. Yol. XXYl, Nos. 661—674. Fol. London, 1885. 

Journal of Science, 3rd series. Yol. YII, Nos. 140—142. 8° London, 1885. Thb Editor. 
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th series. 

Yol. XX, Nos. 125—127. 8° London, 1885. 

Mining Journal, with supplement. Yol. LY, Nos. 2611—2624. Fol. London, 1885. 
Naturae Novitates. Nos. 17—23. 8° Berlin, 1885. 

Nature. Yol. XXXIT, No. 828 to Yol. XXXIII, No. 841. 4" London, 1886. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie. Jahrg. 1885, Band II, 
heft 3. 8“ Stuttgart, 1885. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie. BeiIagc>Band lY, heft 1. 
8“ Stuttgart, 1886.* 

Petermann*8 Geographischo Mittheilungen. Band XXXI, Nos. 9—IT. 4® Gotha, 1885. 
Professional Papers on Indian Engineering. 'Srd series. Yol. Ill, No. 11. Fisc., Koorkee, 
1885. Thomason Colleob of Cmii ENOiNaBBiiia. 

Qaurterly Journal of Microscopical Science. New series. Yol. XXY. No.«100. 8® 
London, 1885. • 

Zeitschrift fur Naturwisseuschaften. Folgo 4. Band lY, heft 3. 8® Halle, 1885. 


GOYERNMENT SELECTIONS, REPORTS, &c. 

Bengal. —Quarterly Bengal Army List for let October 1885. No, 94. 8® Calcutta, 1885. 

• Government of India. 

Bombay. —Brief sketch of tho Meteorology of the* Bombay Presidency in 1883-84 and 1884> 
85. Fisc. Bombay, 1884—1885. 

Metburological Depabtmbnt, Bombay. 
•„ Gazetteer of the Bombay Presidency. Yols. XVII, XVIII, parts 1-3, XIX and 
% XX. 8® Bombay, 1884-85. Bombay Government. 

„ Selections from tho Records of tho Bombay GoTcrnmeut. Now series. No. 173. 

Fisc. Bombay, 1885. Bombay Govbbnmbmt. 

Bbitish Bdbma. —Report on tho administration of British Burma during 1884-85. Flso. 

Rangoon, 1885. Chief Comuissionbb, BBitisb Bhbma. 

CbntbaIi PaoviNCES. —Report on the administration of the Central Provin(As for 1884-86. 
4® Nagpur, 1885. 

Chief Commisbionbb, Cbntbai. PaoviNCBi. 

India. —Annual statement of the trade and navigation of British In^ia with Foreign Coun¬ 
tries, and of the coastii^ trade of the several presidencies and provinoes, 
in the year ending Slst March 1886. YoL I, No. 19 Foreign Trade, and 
II, No. 19 Coasting Trade. 4® CaKutta, 1885. 

Goybbnubnt of India. 

„ Indiaa Meteorological Memoirs. Yol. II, parts. 4®Calcutta, 1886. 

MbtbobolooioaIi Dbfabtiixnt, India. 
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India.— Meteorological dbBervrations recorded at six stations in India in 1885, reduced and 
corrected. May to August. 4® Calcutta, 1885. 

MsTEouoDoaiCAt Dbfabtubnt, India. 

„ Report on tbe .idministration of the Meteorological Department of the Gorerninent 
of India in 1884-85. 4° Calcutta, 1885. 

• Meteobological Depaetment, India. 

„ List of civiljofficers holding gazetted appointments under the Government of India 
in the Home, Legislative, and Foreign Deparimenta on Ist^July 1885. 
8° Calcutta, 1885. Home Defabtment. 


TRANSACTIONS, PROCEEDINGS, &c., OP SOCIETIES, SURVEYS, Ac. 

Batavia. —Notulen van liet Bataviaasch Genootschap Van Kunsten en Wetenachappen. Deel 
XXIII, afl. 2. 8“ Batavia, 1885. Tub Society. 

„ Tijdsclirift voor indischc Tiial-Lijnd-en Volkenkiinde. Deel XXX, afl. 5. 8* 
Batavia, 1885. ^ The Society. 

Beblin. —Abhandlungen dor Kunig. Akademie der Wissenschaften zu Berlin. 1884. 4° 

Berlin, 1885. The Academy. 

„ Sitzungsberichtc der Koniglich Preiissischen Akadeinio der Wissenschaften. Nos. 

XL—LIV. 8“ Berlin, 1884-1886. The Academy. 

,, Congres gdologique intcrnafional. session, Berlin, 1885, Rapports do la com¬ 
mission pour I’uniformitd de la nomenclature. Par G. Dcwalque. 8“ 
Berlin, 1885. The Congaess. 

Boi.OGNA.-^Memorie dolla Accadomia delle Scienze dell’ Istituto di Bologna. 4 serie. 

Tomo V. 4° Bologna, 1883. The Academy. 

Boston. —Catalogue of the State Library of Massachusetts. 8® Boston, 1880. 

T The Libbaby. 

„ Proceedings of the American.-Academy of Arts and Sciences. New scries. Vol. 

Xll. 8“ Boston, 1886. The Academy. 

Bbussels.— Annales do la Soci^te M.alacologique dc Bclgiyne. 2“' s^rie. Tome XV, and 
S'"' sdrie, Tome IV. 8® Bruxelles, 1880 and 1884. The Society. 

cs 

„ Proebs-Verbanx des Seances de la Socidtd Royalo Malacologiqye de Belgique. 

Tomo XIV, pp. 1 — 80. 8“ Bruxelldk, 1885. The Society. 

,, Annales du Musee Royal d’llistoire Naturelle de Belgique. Tome IX, pt. 4, 
and XI, pt. 5. With 2 vols. of plates. 4® Bruxelles, 1885. 

The Mdsbuh. 

„ Bulletin de la Socidtd Royale Beige do G4o£,Yaphie. Annde TX. No. 4. 8® 
'Bruxelles, 1885. The Society. 

Budapest.— General index sammtlicher puhlicationen der Ungarischen Geologischen Gesell- 
sehaft, von 1852—1882. 8® Budapest, 1884. The Society. 

„ Geologische Mittheilungeq der Ungarischen Geologischen Gesellschaft. Band 
XIV, Nos. 9—12, and XV, Nos. 1-6. 8“ Budapest. 1884-1886. 

• The Society. 

„ Erlautcrungen zur geologischen specialkarte dor Liinder der Ungarischen 

Krone. Blatt With map. 8® Budapest, 1886,> 

• Royal Hungabian Geological Institute' 
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Titles Books, Donors, 

liui>APK8T.—Mittheilongen aus dem Jahrbucbe der KSn. Ungariachen Geologiachen Anstalt. 


J3and VII, heft 2—4. 8° Budapest, 1885. 


Txcic lumiuTB. 


Bvbkos AifiXS.—Actas de la Academia Nacional de Cicncias en Cordoba. Tomo V, 
N OB, 1—2. 4° Buenos Aires, 1884. Thb Acadeut. 

„ Boletiu de la Academia Nacional de Ciencias en Cordoba (Hepublica 

Argentina). Tomo VII, No. 3—4. 8“ Buenos Aire% 1884—1886., 

The Acapeht. 

Calcutta. —Catalogue of tiio rcmnius i f Siwalift Yertebrata contained in the Geological 
Department of the Indian Museum, Calcutta. Fart I, Mammalia. By 
B. Lydekkor. 8“ Calcutta, 1885. Geological Suevbt of IEpia. 
„ Palaeontologia Indica. Series IV, Vol. I, part 6, and Series XIII, Vol. I, part 6. 

4“ London and Calcutta, 1886. Geological Suuvet of Inpia. 

„ Bccords «)C the Geological Survey of India. Vol. XYIII, part 4. 8° Calcutta, 
1886. Geological Suevet of Iepia. 

„ General report on the operations of the Survey of India Department, adminis¬ 
tered under the Governiuefit of India during 1883-84. Fisc. Calcutta, 
1885. Govebeuemt of Iepia. 

„ Survey of India Department. Notes for September and October 1885. Fisc. 

Calcutta, 1885. Suevet of Iepia. 

„ Journal of the Asiatic Socicly of Bengal. New series. Vol, LIV, part II, 
No. 3. 8° Calcutta, 1885. The Societt. 

„ Proceedings of the Asiatic Society of Bengal. No. 8. 8° Calcutta, 1885. 

The Societt. 

Caubuipge.—P roceedings of the Cambridge Philosophical Society. Vol. V, pt. 4. 8" Cam¬ 


bridge, 1885. 


The Societt. 


Cahbeipoe, Mass. —Memoirs of the American Academy of Arts and Sciences. Vol. X,* 
No. 3, and XI, pt. 2, No. 1. 4° Cambridge, 187l^aud 1885. 

The Acapemt. 

Dbnveb. —Proceedings of the Colorado Scientific Society. Vol I. 8® Donrer, 1885. 

The Societt. 

Kdinbuboh. —The Scottish Geographical M.ig'azine. Vol. I, Nos. 10—12. 8® Edinburgh, 

« 1885. ScoT'iTsu Geoguai'Hical Societt, Epinbuboh. 

Halle —Abha.»dlungen der Naluifot^chendon GcsellschaCt zu Halle. Baud XVI, heft 3. 

4® Halle, 1885. The Societt. 

„ Bericht ilher die Sitzungen der Nalurforscheuden Gesellschaft zu Halle im Jahre 
1884. 8^ Halle, 1884. The Societt. 

Lausanne.— Bulletin de la Societd Vaudoise des Sciences Nalurelles. 2”* serie. Vol. XXI, 
No. 92. 8° Lausanne, 1886. The Societt. 


Letpen. —Sammlungen des Geologischcn Beichs-Museums in Leiden, Nos, 11—12. 8® 

Leiden, 1885. 

Livbbpool. —Proceedings of the Literary and Philosophical Society of Livei'pool. Vol. 

XXXVIII. 8® Liverpool. 1884. ’ The Societt. 

„ Proceedings of the Liverpool Geological Society. Vol. V, part 1. 8" Liverpool, 

1885. The Societt. 

London.— -Journal of the Anthropological Institute of Great Britain and Ireland. Vol. XV, 
No. 1. 8® London, 1885. 
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Titles of Books. Donors. 

Lonpov. —Journal of the Iron and Steel Inetitute. No. 1. 8® London, 1885. 

The Ih^titutb. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland. New aeries. 

Vol. XVII, part 3. 8" London, 1886. The Society. 

„ Journal of the Society of Arts. Vol. XXXIII, No. 1712 to XXXIV, No. 1724. 

8® Loudon, 1885. The Society. 

„ Lists of*casts of fossils reproduced from specimens in the Department of Geology 

in the British Museum. 8® London, 1885. BbitibH Museum. 

„ Proceedings of the Royal Geographical Society. Now series. Vol. VII, Nos. 9—10. 

8° London, 1885. The Society. 

„ Proceedings of the Royal Society of London. Vol. XXXVIll, No. 238. 8“ 
Loudon, 1885. The Society. 

„ Proceedings of the Zoological Society of London. Part II. 8® London, 1886. 

The Society. 

„ Transactions of the Zoological Society of London. 

1885. 

„ Quarterly Journal of the Geological Society of London. Vol. XLI, No. 163. 

8" London, 1886. The Society. 

Mapbip. —Boletin de la Sneiedad Geografica de Madrid. Tomo XlX, Nos. 3 — 4. 8“ 
Madrid, 1885. The Society. 

Manchestbb. —^Transactions of the Manchester Geological Society. Vol. VIII, No. 11. 8® 
Manchester, 1885. , The Society. 

Melboubne. —Mineral Statistics of Victoria for 1884. Else. Melbourne, 1885. 

Dept, op Mines ahp Wateb-supply, Victoria. 
„ The gold-fields of Victoria. Reports of the mining registrars for the quarter 

ending 30th September 1885. Flse. Melbourne, 1885. 

' ^ Dept, op Mines anp Wateb-suppiy, Victobia. 

„ Transactions and Proceedings of the Royal Soiu ty of Victoria. Vol. XXI. 

8® Melbourne, 1885. , The Society. 

Minneapolis.— Bulletin of the Minnesota Academy of Natural Sciences. Vol. II, No. 

6. 8° Minneapolis, 1885. The Acapemy. 

Montbeal.— 'Geological Surrey of Canada. Report of Progress from 1863 to 1866 and 
for 1872>73. 8° Ottawa and Montreal, 1866 and 1873. 

GoyebniIent of Inpia. 

,, Geological and Natural History Surrey of Canada. Report on the fossil plants 
of the lower carboniferous and millstone grit formations of Canada. 
By J. W. Dawson. 8® Montreal, 1873. Goyebnment of Inpia. 

M Geological and Natural History Survey of Ganada. Palmozoie Fossils. Vol. 
II, part 1, and Vol. HI, part I. 8® Montreal, 1874 and 1884. 

Goyebnment of Inpia. 

„ Geological and Natural History Survey of Canada. The fossil plants of the 
Erian (Devonian) and Upper Silurian formations of Canada. By -J. W. 
Dawson. Part 2. 8° Montreal, 1882. Ooyebnmbnt of Inpia* 

„ Geological and Natural History Survey of Canada. Preliminary note on the 
geology of the Bow and Belly river districts, N. W. territory, with special 
reference to the coal deposits. By George M. Dawson. 8® Montreal, 1882. 

Goyebnment of Inpu. 
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Montbeal. —QeoloKical and Natural History Surrey of Canada. Contribuiioiis to tbe 
MiorO'Palseontology of the Cambro-Silurian rocks of Canada. By Arthur 
H. Foord. 8° Ottawa, 1883. Oovebeubst of Iedia. 

„ Goological aad Natural History Surrey of Canada. Mesozoic Fossils. Yol. I, 
part 3. 8° Montreal, 1884. Gotbbbmbnt OF IVPIA. 

Moscow.—Bulletin do la Socidtd Imp^riale des Naturalistes. Tome LYIII, No. 4, and 
LTX, Nos. 1—3. 8" Moscou, 1884—1886. The Society. 

„ Nouvcaux M^moires de la So<ii6td Impdriale des Naturalistes. Tone XY, lirr. 1. 

4° Moscou, 1884. The Society. 

Newca8Tle-o»-Tynk. —Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Yol. XXXIY, parts 6-6. 8" Newcastle-on-Tyne, 
1885. The Institute. 

Pabis. —Bulletin do la Socidtd de Gdographie. 7"‘* s^rie. Tome YIj No. 2. 8" Paris, 1886. 

The Society. 

CompteBendu des Stances de la Socj^dld de Gdographie. Nos. 16—18. 8° Paris, 

1885. The Society. 

„ Bulletin do la Soci^td Gdologique do Franco. 3™" sdrie. Tome XIII, Nos^ 6-7. 8" 
Paris, 1885. The Society. 

Philaueuthia.—J ournal of the Franklin Institute. S'* series. Yol. XC, Nos. 4-6. 8" Phila¬ 
delphia, 1885. * The Institute. 

„ Proceedings of the Academy of Natural Sciences of Philadelphia. Part 2. 

8“ Philadelphia, 1885. The Acauemy. 

Pisa. —Atti doDa Sodeta Toscana di Scionzo Natural!. Memorie. Yol. YI, fasc. 2. 8° Pisa, 

1886. The Society. 

Bio de Janeibo.— Conference faite au Mnsdum National en presence de L L. M M. Impd* 
riales le 4 November 1884, Par Dr. Ladisldu Netto. 8° Kio de Janeiro, 
1886. The Museum. 


St. Pstbbsbubo. —Bulletin de I’Acaddmie Imp6ria1e des Sciences do St. Pdtersbourg. Tome 
XXIX, No. 4, and XXX, No. 1. 4” St. Pdtersbourg, 1884—1885. 

The Academy. 

„ Mdmoires de I’Acaddmio Imp<friale des Sciences de St. Pdtersbourg. Tome 
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Notes on the Qcoloijtj of parts of Bellary and Aiiantapnr Districls, Jby R. B. 
Foote, F.G.S., Superintendent, Ocologieal Suroey of India. (With a map.) 

Tho tract of country Iierc described has in plan a rough resemblance to an 
hour-glass lying on its side, the length of the hour-glass 
Definition of nrea. tjuiiig 88 miles, it.s smallest n idth 15 miles, where tra¬ 
versed by the Haggari river (or Vedavati, of the map) ; and its greatest, at it.s 
western end, 38. Tho fiscal divisions included witldn this irregular area are,—the 
greater part of Gooty talucp the southern half of Bellary talurp nearly tlie whole 
of Hospett taluq, the whole of the Sandur State, and the north-eastern corner 
of Kudlighi taluq beside the northernmost extremity of the ilysore territory. 
Three principal grou])S of rocks occupy tho area above defined. The youngest, 
or third, being formed by tho alluvia of tho Haggari, the 
Principal rock groups. q'^^jjabhadra, and their tributaries. They cover a small 

area, and are of very small importance.' To the alluvia may bo reckoned some 

gravel formations of no givat extent and small thickne.SvS, 
Avhich arc scattered here and there over the surface of the 

older rocks. 

The second group consists of a very important series of schistose rocks 

^ which occurs in bands overlying the giioissie rocks, which 

^ ‘ latter constitute the first and oldest group and cover by 

GneUsic system. » i . * 

far the largest area. 

The second or schistose group was formerly regarded as belonging to tho great 
gneissic system of South India, and described as such {vide Memoirs, Vol. XII, 
pp. 38—54) ; but since then a fuller examination of several of tho bands has 
yielded evidence amply justifying their sepanition into a distinct system. As 
already shown in vty memoir on the geology of the South Mahratta country, 

just referred to, and in my paper on a traverse across the 
systera*^'^**^ s^istoso gold-fields (supra Vol. XV, 1882), a considerable 

number of bands of similar chameter cross tllc gneissic 


Principal ruck groups. 


Dharwar system. 
Gneissic system. 


system. 


B 
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Number of 
under report. 


bands 


area both north and south of the tract now under consideration and cut it up 
into similar but, as a rule, considerably wider bands. 

Eight such bands have been recognized so far and named after the principal 
towns standing within their limits; but Ave aro only con¬ 
cerned with three in the Bellary-Anantapnr country so 
far as it has as yet been surveyed. These, taking them 
from east to west, are:—1, the Fenner-Haggari band, an unquestionable exten- 
sion of the great Hunugunda band in the Baichur Doab2, tho Sandur hills 
band, including the Copper hills south of Bellaiy town; and 3, the Dambal-Chick- 
nayakanhalli band, which runs through the Hadagalli and Harpanhalli taluqs 
(the most westerly extremity of Bellary District), connecting the schistose rocks 
of the South Mahratta country with those of Mysore. Another band of the 
schistose rocks which however does not touch tho Bollary territory, but lies well 
to tho west of it, deserves mention, and this is tho great Dharwar-Shimoga 
band, the broadest and most important of all as far as yet known. 

The schistose rocks forming this bai>d near Dharwar, and still more in the 
central part, near Shimoga and Honnali (Mysore), show 
tern why gifeu. much less metamorphism than elsewhere generally; and it 

was hero that I was for the first time forcibly impressed by 
the necessity of trying to establish a separation between these old schists and the 
great granitoid gneiss system of South India. For this reason, and from the fact 
that this band shows-the greatest development of the old schists, I have proposed 
to call the new system they form the Dharwar system. 

At the time when I wrote my memoir on tho South Mahratta country, I hhd 
no positive evidence of the unconformable superposition of any of the schist bands 
over tho granitoid gneiss of the Southern Deccan, and was inclined to think that 
the schists might possibly belong to more than one seriw and in p.art.s be inter¬ 
calated with granitoid bods, as in several sections in tho Raichur Doab they 
appear to dip under tho gi-anitoid rocks. The examination, however, of the 
Kolar gold-field convinced me that tho schist series here forms an undoubted 
synclinal basin sunk in a fold of the underlying gneiss. The study of tho Sandur 
hills since then has satisfied me that the schists, or, as they should henceforth-be 
called, the Dharwar rocks, rest on the granite gneiss with marked unconfor¬ 
mity. Further acquaintance with tho different bands of the Dharwars leads me 
to believe that they all belong to one system, which Avas foi'merly very Avidoly 
developed over the peninsula. How widely has yet to be determined in many 
parts, but it is certain that they wore once rep-Tesonted all over the Central 
Deccan ancf southwai-d as far as the Kolar gold-field, and in all probability as 
far south also as the north-western corner of the Nilgiri massif. 

Additional interest attaches to tho Dharwar system from tho fact that to it 
belong nearly all thft gold-fields at present known in the Peninsula, notably those 
of Kolar, Wynad, Honnali and Dambal, btesides others less known in Mysore and 
the Bellary, Dharwar and Belgawm Districts. , 


' No place of any importance stands on this band within the limits of the Qboty and Bellarj 
talnqs, hut itfcrosses both tho Haggari and Penn^r rivers. 
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The bands of schist by which the Dharwai's are now represented in the penin- 
_ . . „ ^ sula are the remains of great foldings which took place long 

bands. anterior to the deposition of the lower-Vmdhyan rocks 

forming the Kaladgi and Kadapa basins. A consideration 
of the section across the several bands where they emerge from under the south¬ 
ern edge of tbe Kaladgi basin will show at once that the upheaved Dharwars 
had undergone immense denudation before the deposition of the Kaladgi rocks 
comtnenced. The jaspery hsemaiito beds of the Dharwar system furnished the 
bright coloured jasper pebbles which are so striking a feature in the basement and 
other conglomerates of the lowor-Vindhyau rocks. 

The force wliich caused the gi'eat cninipling of the Dharwar rocks had of 
necessity also much effect on the underlying gncissic rocks, and in various places 
induced a parallelism of folds which produces great semblance of conform- 

ability. The section of the gneiss rocks exposed south of the southern 

end of the Sandur baud shows the gneiss to have been affected by an anterior 
process of crushing from pressure actingbiu a more or less east and west direction. 
This is noteworthy as it shows that the peninsula was affected at no less than four 
periods by great approximately east to west, or west to east, thrust^ the two 

already noted and two later ones by which tbe Kadapa and Karnul rocks were 

respectively crumpled up into tlie great foldings they now show. Of these the 
last would seem to have been much the least energetic. 

A brief description of the chief pctvogvaphical characters of tbe gneissic and 
Dbarwadian rooks will suffice for the present, tlio fnll description being re- 
sei ved for tbo tiiiyil memoir on the geology of the liellary-Anantapnr country. 
By the time that has to bo written, it is hoped that many of tbe more important 
I'ocks will have been examined microscopically. 

Tbe intrusive rocks penetrating the gneiss and the Dharwars are of consider- 

Intrusive rocks. ”'*^**^ importance, and often form marked features in the 
geological landscape. Two ordinary forms of intrusive 
rocks were iioUid, granite veins and trap dykes,which will bo described further on. 
Another intrusive rock of great interest is a tuDf-agglomerate of undetermined 
age, which forms a so-called “ xieck ” pioi-eing the gneiss close to Wadjra Karur, a 
famous diarntyid-yielding locality 10 miles south of the Guntakul railway junc¬ 
tion. This will be described fnrthor on. The external resemblance of tbo agglo- 
inerate to the matrix in which the famous Kimberly diamonds oconr, baa caused 
it to be very elaborately prospected, but unfortunately without any satisfactorv 
result. . 


JT.—T/jfl Qaeissic Roclcs. 

By far the greater part of the gneissic area is occupied by highly granitoid 
rocks, which are also far moTO conspicuous than the well-foliated gneisses. Ex¬ 
cepting in the various groups of rocky hills which are scattered about the Bellary. ’ 
Anantapur country, the gneissics are generally very little seen owing to the great 
and continuous qji^ets of regur which form so* characteristic a covering of the 
great plains in l^tis part of tho Deccan. In many of the few outcrops found within 
the area of the regur spreads the gneiss is in too advanced a state of docom- 
poaition to allow of anything but the roughest determination of its na1;nre. 

B 1 
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Speaking generally, the gnoissjio area within the tract under review is occupied 
by two ])rincipal varieties of granite gneiss,—the one a fine 
gVmo'fe gnS’: medium-grained reddisli or grey variety which occurs 

in the eastern part of the tract, the other a coarse-grained 
often strongly porphyritic variety which forma the mass of the rocks in the 
central and western parts. Both arc markedly felspathic in composition. 

Some of the fine-grained pink varieties occutTing in the c.astern parts are so 
honiogeneous in sti-ucture as to be hardly distinguislvable 
< 1 , fine grained\aiiety felsites. The rocks here have undergone an extra 

degree of metamorphism and have lost nearly all traces of th('ir original lamin¬ 
ation, so that they are often very liard to distinguish from the veins of intruded 
granite. They are greatly cut up by a system of north and south jointing, which 
is often so largely developed as to simulate true bedding very strongly. 

The most rcmai'kable accessory mineral in this part of the gneiss is pistacitc 
which occurs •very largely in veinlets and in films lining the sides of planes of 
jointing. It is common, too, in grains i?i the mass of the rock. Where the rock 
is much weathered, as it often is, the country is thickly strewn with fragments 
showings brilliantly yellow-gi-eeii pistacitc, contrasting in a very pleasing way 
with the rod or bright-pink felspar. 

This pistacitc is specially characteristic of the granite gneiss at and around 
Maddikeri (Muddykorra), a few' miles north-cast of tlie Guntaknl railway junction. 
Much pistacitc in films occurs also on the joint planes in blocks of dioritc in the 
groat trap-dykes of this wgion. 

This' pistacitc would appear to be the vivid green mineral hTewbold so often 
notes in his paper on this p;irt of the Deccan as “ Actinolite.” I did not see a 
single crystal or sju'ck of true aetinoli to in the Bclliiry-Anantapiir country; the 
pistacitc, on the contrary, is of very common occniTom ■■ almost everywhere. It is 
less common, but by no means uncommon, in the very coarse porphyritic, van'oty 
of granite gneiss so largely developc'd to the ■westward of the Penndr-Tunga- 
bhadra hand of tlie Dharwars, and vvliich constitutes the typical Bellary gneiss. 
The porphyritic gneiss is admirably displayed in the Fort and North hills at 

. Bellaiy itself. The ro(5k is largely traversed bv gf^at 
6, porphyritic variety. .... 

joints, by winch it is cut up mto great masso.«/. One of the 
most constant of the master joints is a nearly horizontal one which often gives the 
scarps an almost artificial mural app(*aranec. 

The weathering action of the atinosjilieric agencies attacks the various blocks 
along the joint planes, and penetrates veny ecjuabl;,^ in most cases. In some jiarts 
of the rock, however, there is a decided tendenoy to concentric spheoroidal weather- 
ing ; and where this is the case, the rale of decay appears to be very much greater 


than elsow’here. 

The foliation or lamination of the rock is generally olxscuro, bnt occasionally 
shows well. The Ixidding of the rock is rtirely recognizable on the spot, but is 
often very clear wlien .seen from‘a distance. 

The freshly-broken granite gneiss is generally of grey or 'greyish pink or 
purplish colour, and weafliers pink or hrow'iiish-piiik. The prevalc-nt felspar is a 
pink orf hoKaso. 
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Tracts of granitoid 
gneiss. 


Granite gneiss, very strongly resembling the Bellary beds, occurs east of the 
Haggari river in the Karaka Mukalu (CuriTika Mookaloo) and Budihal hills 
noai’ Uravakonda, and also to the N-W-by-W in the Daroji hills, and both sets 
may very reasonably bo regarded as extensions of the Bellary beds. 

The fine granite gneiss hills north-east of Bellary, known as the Peacock hills, 
as also the pieturesqno group of rather louver bill around Knrgodu consist of a finer- 
grained rarely porphyri tic vai-iety of grey gruiiito gneiss. In colour and the tenden¬ 
cy to be cut up by planes of jointing into great masses, both varieties agree closely. 
Two of the most I’emarkable tracts occii[)iod by granite gneiss are the environs of 

Hampi and Anagiiudi on the banks of the Tungabhadra, 
and the hilly eoiuitry around Gudikotta, south of the 
Sandur hills. In both tracts the peculiar features of a 
very wild rocky hill region are seen to perfection. 

The Hampi tract is tint more interesting, a.s it ineludes'tho extensive ruins of 
the old Hindu city of Vijayanagur, des|.royed in after the groat defeat at 

Telikota of llama Raja by the allied Sgltans of Bijapnr, Golconda, Daulatabad, 
and Berar. A remarkably Ix'autiful and iiistnictive panorama of this granite 
gneiss tract is to be obtjiiiied from the summit of the Martanga Parvatnm, a high 
temijle-erowned rock rising close to the goi'go of the 'I’lingabliadra. The 
tremendous ruggedness of the granite gneiss hills forms a very remarkable con¬ 
trast to the great fertility of the nan-ow valleys which run between the hills. 

As ah’oady mentioned, typical schistose gneisses are very little developed in 
the country here dealt with. The most noteworthy ex- 
ami)le of them is a narrow band lyiug between the por- 
phyritic granite-gneiss band of Bellary, and the range of hills eulmiriating in the 
Copper moutiiain to the south. The gneisses are badly soon, being much obscured 
by cotton soil on the north, and on the south by an extensive talas of haematite 
and other schists of Dharwar age washed down fi'oni the Copper mountain. 
The principal variety of gneiss hero scon is a'typical, well-foliated qnartzo-horn- 
blendic rock. Its i-clations to both the gr.ani(oid gneiss and the overlying 
Dharwar rocks have yet to bo woi’ked out, no section having as yet been found in 
whieh they are exposed in juxtaposition. Schistose gneiss is also developed to 
some extent ii# the valley of the Pcnn 6 r and to the south and east of Wadjra 
Karur. 

II.—The Dharwar Jioch. 

The rocks forming this system are very varied in kind, but schistose varieties 
predominate strongly, and give a m-arked character to all the tracts they occupy. 
The general distribution of tho Dharwars in bauds has already been amply illus¬ 
trated ; and it has been pointed out that, so far as at present known, three of tho 
great bands traverse the Bellary-Anantapur country, of which the two eastern¬ 
most lie within the surveyed area here described. These a?e (a) the Penu 4 r- 
Haggari and ( 6 ) tho Sandur and Copper hills bands. 

a. The Pennei^aggari band has been tracdtl from the south bank of the 
r Ponn 6 r, a little oast of Udaripi Drug (Oodorpee Droog of 
liand* Poun^r-H^ggari 53 ^ across the Gooty taluq north-westward into 

the Bellary taluq, and on for a distance of 13 miles as 


^cliiiitose giiviss. 
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fur as tlie south end of tho Sindygerry hills which it forms. From its geo¬ 
graphical position thoro cannot bo the slightest doubt that it represents the 
extension of tho great Hunngunda schist band which crosses the Raichur 
Doab, and runs through tho Hunugunda taluq of K.aladgi District (Bombay 
Presidency), and is lost to sight under the great conglomerates forming the 
base of tho Kaladgi basin. Except in tho very broken and rugged tract which 
occurs on both sides of the Peuner, tho rocks forming the Penner-Haggari 
band are very much obscured by the great spreads of regur which cover 
the plains of tho Gooty and Bellary taluqs. Near the Penner the prevalent 
rocks are chloritic schists of dark-green colour, which form several minor 
ridges. The schists have been highly mctamoi*phoscd, and are traversed by several 
very large dykes of greenish or bluish-black diorite. A band of hairaatitic schist 
shows to tho east of Podda Paipully (4 miles east of Uravakonda), where 
tho band is at its narrowest, having been very greatly denuded. Further to tho 
north-west hornblendic and ha3matitic schists appear, and the chloritic schists 
have given place to a black trappoid hornblendic rook Avhich looks very much 
like a contemporaneous trap, partly converted by pressure irito a hornblendic 
schist. Still further north-west, coarse hornblendic schist forms a low bare ridge 
6 miles north-west of Uravakonda. 'J’o the north of it is a band of the trappoid 
rock, and to tho north-north-west is a low ridge the ci’est of which consists of red 
jaspery hromatite rock with interbedded laminae of fine white and grey cherty 
quartzite. On the south side of the ridge is a show of chloritic schist. Chloritic 
schists, with a baud of hematite forming the crests of the Chelgurki (Chailgoorky) 
and Joladarashi hills are the only members of the Dharwar series seen penetrating 
Uie regur spread as far as the right bank of the Haggari. There are no visible 
outcrops in the bed of the Uaggari, and on tho left bank tho regur spread masks 
everything for several miles. A ridge of hornblcT'dio trappoid rock, probably 
belonging to the Dharwax’s, protrudes over tho regur to the north of tho railway 
4 miles east of Bellary. Tho nortlnlrnmost part of the band yet surveyed shows 
chloritic schist south of Korlagundi (Kortagoondy of Sheet 68), and hornblendic 
schist north and north-west of the village, while a broad spread of black trappoid 
rock caps the watershed to tho south-west and west. ub. 

Except at the south end of this band, close to the Penner, the ^joundaries are 
everywhere concealed by cotton soil or other .superficial deposits. Where seen, 
the basement bed, a gritty schist, rests on the very rugged surface of tho granite 
gneiss. The schist laps round many boss-like inequalities of the gneiss and forms 
a very rugged boundary in consequence. Too litjkle of this band is exposed in the 
Gooty and*Bellary taluqs to enable one to explain as yet tho position it occupies 
with reference to the underlying gneissic rocks. Near tho Penn6r it certainly 
appears to hold the position of a synclinal fold, sunk among tho gneissic rocks, 
like the central part of tho Kolar gold-field band. This structure, however, can 
hardly obtain throughout the whole length of the band, and, very probably, many 
parts owe their preservation to their having been faulted qjown by long lines of 
dislocation. This band nowhere exceeds 5 miles in breadtl*^ but is certainly 
of considerable thickness, the beds composing it being tilted Up vertically in 
parts, ant^^ generally showing very high angles of dip. 
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h. This band of the Dharwar rooks is far the most inteiosting geological feature 
in the Bellary country, and deserves very close study for 
pep^huulbaud. reasons : one being that its relations to the underlying 

gneiss aio exposed in various sections; the other, that 
it shows a great thickness of rocks of very varied character thrown into 
varied positions of great interest, and by ’lo means easy of explanation at first 
sight. The area occupied by this band is by no means easy of definition in plan, 
and I must here refer the reader to the map; he will there see that the band 
consists of two rouglily parallel aivisions united by a short cross belt in the mid¬ 
dle. 1’he two divisions jniri nearly north-west and south-east, the western or 
Sandur hills division forming a synclinal basin in shape like a very pointed 
leaf, the stalk being the southern end. The eastern, or Copper hills, division, 
the structure of which is miieli less obvious and has not been completely worked 
out, also appears to form a narrow synclinal fold, at'least in its southern half. 
The former has a length of about 35 miles ; ^ the latter, so far as traced, measures 
29 miles, fj‘om its south-eastern ej^troraity, 7 miles S-S-E of Bellary. The 
two divisions include the highest elevations in the district, the eastern having 
for its culminating point the Siigadevfibetta or Copper mountain, which attains 
the height of 3,148 feet above sea level, while the Sandur basin is surrounded by 
two high ridges which unite to the south. Of the two, the western appears to 
be rather the higher, and attains an elevation of 3,25G feet at Ramandrflg 
and is probably 100 or 150 feet higher still a couple of miles to the southward. 
The height of the two ridges is very nearly equal, and continues so to near 
c-he northern extremity of the synclinal, when the ground sinks rapidly to 
the north. As seen from a distance from neai’ly all points the mountain mass 
seems to form a great plateau, and no one would, in looking from a distance, 
ever imagine the existence of the great central valley. Tho valley is naturally 

accessible oidy by three passes, one at the north, close 
Sijndnr vnlloy entered Hospett, called*150 Ramanagundi, and the two gorges 

cut by tho Narihalla nver through tho oast and west 
ridges respccth’cly. These two gorges afford tho best sections of the central 
•part of the synclinal, and are very beautiful approaches to the town of Sandur, 
which lies gVery nearly in. the middle of tho great central valley. Newbold, in 
his paper on tho Sandur state,® gave a very graphic description of the two 
passes. 

The section in the western gorge, or Oblagundi, is considerably shorter than 
that in the eastern one, or Bhimagandi, but is a better one as the rocks are much 
more clearly exposed. 0\ving to tho great drought prevailing in the beginning 
of last year, 1885, I was unable to camp in the northern part of the Sandur valley, 
and did not therefore succeed in making as complete a survey of it as necessary fully 
to understand its structure. Considerable inversion of the bods on the eastern 
side of tho valley has taken plac<^ and I am not quite certain how far this 

> The cxtrMij^orth point lies several miles norti* west of tho Tungabhndra in the Niaam’s 
Territory, and ws not yet been visited. 

* This if a very interesting paper, and well worth perusal, for the little Mahratta State has 
a more interesting history than many larger ones in the peninsula. y ^ 
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inversion has extended westward. What are probably the uppermost axial 
beds of the synclinal appear to be dipping under what are realjy much lower 
members of the system; the following section across the synclinal through the two 

gorges must therefore be accepted as preliminary only. 
Entering from the west by the Oblagundi gorge, and 
proceeding north-eastward, the following succession of rocks is passed over; the 
length of the section is a trifle over 8 miles. 


The Saudur sccliou. 


1. Schist, dark-^reeii, bornblcndiu. ? 

2. Schist, <?rittv, brownish green. 

3. Uaerautite rock, very thick. 

4. Schist, green. 

6. Hffimatito rock. 

6. Schist. 

7. llscmatite r<vk. 

8. Argillite schist, ferroons, —red, brown, and chocolate. 

0. ifieiniatite rock ; the gorge bed. 

10. Trap, conteniponincon.s, • 

11. Uienialite rock. 

12. Trap, contemporaneous. 

13 Clay schist. 

14. Trap, contempornneons. S;tn<lnr flow. 

15. Schist. -x 

10. lIsBmatitc rock and schist. > Devadara hill beds. 

17. Schist. ) 

18. Trap, contemporaneous. Ilushalli flow. 

19. Hsuin.atitc rock. 

20. Schist. 

21. Hasinatitc rock. Bhiin Tirth bed. 

22. Schist. 

23. ^semvAXte rock, the gorge led. , 

24. Schist, with coutcniporanooiis trap. 

25. Haematite rock. 

26. Schist. 

27. Ilteinatito rock. 

28. Schist. 

29. llfflinatite rock. 

30. Schist, with contemporaneous trap. 

31. Hecmatitc rock. Long cliff bed. 

32. Schist, with contemporaneous trap. 

33. Haematite rock, llrccciated bed. 

34. Schist. 

3S< Haematite rock. Ettiuahutti bed. 

36. Trap, contemporaneous. 

As yet it is not possible to correlate the beds on the two sides of the syncli¬ 
nal, but this may be 'possible when they shall have been followed up round the 
southern extremity of the basin. 

The great h«3matite beds givtJ rise to many steep mursti^scarps, several 
of which along the eastern side of the eastern ridge are of grk.t height and 
length, and from thoir vivid red colour form a splendid contrast t<Mhe patches 
of rich green fores t^Jremaining at their base. 
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Another instructive section of the eastern ridge was stud.ied in the ravine 
T> 1 I opening out northward, about half-way between the Bhima- 

tion. , gunai gorge and the north-western end of the ndge near 

Hospett. I will call this the PapanaykanhalU ravine, 
after the village neai*e8t to it. Proceeding downwards from south to north, the 
following series was crossed :— 

16. Useuiatiite rock, very jaspitleous, much crumpled and orerciated. 

14. Trap ?—a greatly decoiupottcd earthy rock of purple colour. 

13. Hmumtlte rock, very tluck, brecoiated with amall quartz veina. 

12. Trap?— an earthy green and purple rock. 

11. Schists, argillites ?—chocolate, and snmetin^ lavender coloured. 

10. Schists, green chloritic ? -a great tliickiiess. ' 

9. Hteiuatitc rock, a thin poor bed. 

8. Schists, green. 

7. Trappoid rock, black. 

6. Schists, dark, nearly vertical. 

5. Slates, greenish, badly cleaved. 

’4, Schists, green, silky texture,, 

3. Schists, green, coarse. 

2. Hicmatite rock, poor. 

Gap. 

1. Schist, dark. 

Talus. 

Bod 15 forms tho western scarp of tht! ridge overhanging the central valley 
opposite to Tlunshiihati. 

. The section across tho western ridge at llamandrug obtained by following the 

llumundrug section. road leading up the western slope shows tho fol¬ 

lowing series :— 

8. Schists. 

7. HaMuatito rock, rather shaloy jn parts. 

6. Schists, chocolate to red in colour, very ferreous. 

6. Urcmatito rock. Prospect point be^. 

4. Schists, dark greenish and blackish, passing into clay slate locally. 

3. Hannatitc rock. 

2. Schists, dark and light green. 

1. Quartzite, much altered. 

* Gneiss, 

On the eastern slope the succcssiou of rocks is continued as follows in ascend¬ 
ing order stratigraphically, but descending order topographically:_ 

9. Hsomatite rock. “ Hod-cliff ” scarp. 

10. Argillites. 

11. Trappoid rook, black, contemporaneous. 

12. Hsematite rock, in first low ridge, shaley in parts. 

13. Trap, dark-green, contemporaneous. 

14. Argillite, red, ferreous. 

15. Trap, pale-green. < 

16. Schists, green ?—hornblendic ? 

17. coutemporanoouB. 

The eastern tftetion is by no means clear, the slopes being very largely hidden by 
haematite delyris. 


t 
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As before mentioned, it is not yet feasible to correlate the several formations 
on the opposite sides of the synclinal, the section at the 
western "Mctlons”* northern end being very obscure and unsatisfactory, while 

that at the southern end has not yet been studied in 
detail. Some of the loading beds in the Bamandrug section may, however, be 
identified with some in the Oblaguudi gorge, the western end of the Sandur 
section. For example, the lowest hrematite of the Ramandrfig section (bed No. 3) 
corresponds with bed No. 3 of the Sandur section. “ Prospect point ” htematite 
bed on Ranuindrug can easily bo traced by the eye along the flank of the ridge 
into the Oblngundi gorge, #||ere it forms bed No. 7. No. 0, the “ Red cliff” 
hfflmatite bed of Ramandrug, continues southward and forms tho gorge bed No, 9 
of tho Oblagundi gorge. Tho haematite No. 12, and tho contomporaneous trap 
No. 13 of the Ramandrug section correspond with Nos. 11 and 12, respectively, 
of the Sandur section. Beyond these I am not prepared .ns yet to regard any 
correlations as qstablished. 

The extreme north end of the eastern ridge appears to be cut oft by a fault 
on the north side of the Hospett hill, but unfoidunately tho 
liaMii*^*^^***"*^*^^ *^”^'*”*'* ^‘'***® com 2 '»letely obscured by talus and thick 

' soil, so the fault is hard to prove. 

Tho north extremity of tho western or Ramandrug ridge is also very obscure 
from tho great ha*matito talus covering its sides. Tlio huBrnatito beds are inverted, 
and are cut off to tho north by a fault, or, what is less probable, die out abruptly. 
Anyhow I could not trace them across the bed of the Tnngabhadra, where 
the Dharwars are ropi’esontcd only by massive hornblendic rock. These liorA-' 
blendic rocks form a great barrier in the river, and give, rise to a formidable I’apid 
when the river is at half flood. It is quite imjiassablo by fording, and no boat 
was to be got, so I wm.s unable to follow the rocks into the Nizam’s territory acros.s 
the river. Tho Dharwars are seen to form some low hills Avhich stretch away 
several miles to the north-west. • 


Tho hromatitic talus, which is almost everywhere a very remarkable feature 

Htomalite tiilnses along the base of the Sandur and other hills of Dharwar 

age, completely conceals the junction with the gneiss 
a distance of 13 miles .along tho western slope. ^ 

The boundaiy then trends a little more to the south and gets away from tho 
hromatite talus, and the basement beds can I'o seen resting on the rugged surface 
of the gneiss and lajiping round tlie various inequalities. The bsisement beds 
consist of very coarse, gritty, hornblendic, micac(>©us and chloritic schists, pass¬ 
ing here and there into coarse, gritty quartzite sandstone, or, more rarely, into 
coarse, gritty talcose schist. Owing to the hummocky character of the underlying 
granite-gneiss surface, the edge of the boundaiy between it and the Dharwars is 
extremely rugged. TJfiis feature cannot be shown, however, on a small scale map. 
Much less heematite talus is seen aloivif the southern slope of tho Sandur 
basin than, on the eastern and western slopes, but there 
ter^e » are some very interesting remains of anSMer talus form. 

ing a terrace at an elevation of 150 to 20O*^ot above the 
present base^of the slope. This terrace, which is very sharply cut, and a conspicu- 
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OU8 feature in the landscape especially as seen from the north-west and 
west, extends for about 3 miles along the side of tho Komaraswami (Comar- 
samy) plateau, as this part of the Sandur group is called after the famous 
temple of that name which stands in a ravine on the northern side of the plateau. 
Tho greatest width of the terrace is about :j of a mile, and it slopes up gently but 
increasingly northward. Tho thickness tho haematitic mass composing the 
terrace is not great, and whore seen along tho edges nowhere exceeds 16 or 20 
feet, Tho mass is much lateritized by tho action of percolating water, and 
shows much pisolitio structure and vermicular tabulation, but was purely hesm- 
atitio as far as my examination went. It rests upon a highly decomposed 
surface of granite gneiss. It is evidently of great age, as two outliers of it occur 
on detached hills which havo been separated from the main mass by denudation 
extending to a depth of considerably over 100 feet into the underlying ginnitoid 
I’ocks. • 

Tho extreme south end of the Sandur synclinal shows thin beds of horn- 

blendic and micaceous schists, gn'tty ferruginous clay- 
Soutli end of synclinal. ... . ... , x*i.\ j. 

schist.>', and jaior hamalito rock (almost a quartzite), rest¬ 
ing unconformably on massive banded grey granite gneiss, which has, as usual, a 
very rugged surface. 

The Madras Government has leased the greater part of the forest tract on the 
Sandur hills from the Kajah, and stopped all jnuglu fires. Thanks to this, the 
hills yielded an inexhaustible supply of junglo grass wbieh w.as the only food for 
cattle procurable in that part during the tei'vilily dry months before the advent 
of tho south-west monsoon of 1885. 


The Iiifniiilre Jiurls. 

The intrusive rocks form no mean feature in the landscape of many parts of 
our area, and cannot bo overlooked even in a brief de.scription of its geology. 
They are of two classes, trappean and granitic, the latter being in all probability 
the older in all cases. 

Tho granitic intrusions ni*o of much less magnitude and importance than the 

ti-appean, and much less widely distributed. The princi- 
Granitic veins. Vir raij? .-j.! i 

^ pal centre or occurronco tor tho former is in tho rocky 

hills lying west of Gooty; they are not well marked as a rule. Here the granite 

gneiss, and further south tho banded hornblendic gneiss, is greatly cut np by red 

pistneite granite in very irregular veins of all sizes. 

Tho granite is a ternary rock consisting of white quartz, red or pink, ortho- 

clase and bright green jiistacito (cpidote). Besides the numevous red granite 

veins, the banded hornblendic gneiss near Wadjra Karur is much seamed by 

small and very iiregular veins of a close-grained grey or drab, veins of which 

are often anastomosing to a remarkable extent. Qiienj ^—Are these not veins of 

segregation ? • 

In the co^e varieties of granite gneisg in tho western part of our area^ in- 
. trusive granite veins are not at all common, but veins of 
Pegmatite in gneiss pegraatitc derived from the gneissic mass by segregation 

are very common, but too small aud irregular, as a rule, to demfmd any notice. 



[vOL. XIX. 


♦ 

108 Records of the Geological Siirveg of htdia. 


in the Dharwar system. 


A few veins of good size of intrusive granite were noticed in the Dharwar 
area at the spot whore they are exposed in the bed of the 
Tungabhadra. They are ratlier pegmatitio in texture 
and composition but wcll-delincd. Many parts of the surface are highly polished 
by the action of the water during the south-west monsoon floods. 

Trap-dykes ai’e of very common occurrence throughout our area, and, with 
’ , very few and unimportant exceptions, consist of dark- 

gi*eon or blackish diorite, which is generally homogeneous 
in texture, but now and then markedly porphyritio. Their prevalent strike is 
N-W-by-W, S-E-by-Jil, with slight variations to north and south. Dykes 
having a N-W to S-E course are not common, and the same may be said of 
those having an E. to W. course. Only a moderate number of dykes have a 
north-easterly course, and only one or two have a north and south strike. A 
great many more exist than have been mapped, their courses not being traceable 
under the gi-cat spreads of cotton soil. It is very common to come across a block 
or two of trap peeping up through the regiir, but it is impossible, unless there is 
a fair outcrop, to ascertain the strike and dimensions. There arc four centres 
whei-e the number of dykes is great• 

. (a) The hilly tract between Dooty and the eastern edge of the groat Bellaiy plain. 

(5) The hilly country on the banks of the Ponn^r at Udarapi (Ooderpoe) Drug. 

(c) The Copper hills synclinal ridge, and the gneissic tracts on both sides of it. 

(d) The gneissie tract between the north side of tho Sandur synclinal basin and 

tbc Tungabhadra, 

0 

Some few dykes cut through tho Dharwar rocks as well as toe gneiss, but 
they offer no siiecial chai’acters by which to infer that they belong to either 
series, except in two cases wlierc they are very maikodly dilTerent from the 
normal type of the old dykes. In both these enses the ab.cormal trap i.s so highly 

charged with blebs of a creamy white felspar in a dark green 

Blotchy tiap. matrix, that the rock at a little distance strongly resem¬ 

bles a coarse pudding-stone. Three large dykes of this blotchy type occur close 
together in the centre of the Pennor-Haggari band of Dharwar rocks, 4 miles 
to the south of tho Virapur station of the Madras Railway. A tiny outcrop 
of a precisely similar trap occura at Chaganur, on the left bank of tho'Haggari, 

8 ] miles E.-by-N, of Bellary. Several of the larger dykes form at intervals strik¬ 
ing black ridges which rise from the plaiu to a considerable height, sometimes as 
much as 200 to 300 feet. No accessory minerals of any interest wore observed 
in any of the dykes. 

Quartz Reefs. 


Quartz reefs, though not so common as in the neighbourhood of Anantapur 
and Oooty, are by no means wanting in our area ; they mcjstly run N-W-by-W 
to S-E-by-E. A very flne triple set [crests a^'big bill immediately north of the 
Pattukotta Chernvu Railway statior betwee n Goy and the Guntekul junction. 
Two very conspicuous reefs form tho crests of the Telia Konda atW RagulpSd 
ridges south-east and south-west, respectively, of Wadjra Karur. Tw^mportant 
and conspicuous reefs form big ridges to the south-west and west of Bellary. A 
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The “neck.” 


Diamond diggings. 


group of three reefs of large size rises to the east of Kamalapur in the Hospett 
taluq, and forms the crest of two big hills. And, lastly, a very large and thick 
reef shows in Niddagurti hill, 8 miles S-W-by-W of Sandur town, and extends 
6 or 7 miles W-N-W, rising into a considerable hill in the middle of its course. 

t « 

The Tuff-atjijlomerate at Wadjra Karur. 

Wadjra Karur has for so long a time been famous for its yield of good 
diamonds tliat it has naturally attracted the attention of diamond merchants os 
well as speculators. All have been anxious to find out whence the diamonds came; 
but the question would not and could not be answered. A remarkable formation 

of agglomerated tuff appears in a “neck,” piercing the 
highly epidotic granite gneiss lying west of the town. 
'J’his tuff bears a stinking resemblance to some of the matrix rock at the diamond- 

diggings at Kimberley in South Africa, and attracted the 
attention of somebody having a knowledge of the African 
mines. A' comj)a)iy was thereupon gpf up to prospect it thoroughly, and this was 
very ably carried out by Mr. Copley, an experienced diamond-digger from 
Kimberley. In partnership with Mr. R. G. Oit (the very entoi*pri7,ing senior 
partner of the large Madras jewellers’ firm of P. Orr and Sons)* and others, 
Mr. Copley made deep sinkings in different paris of the nock and passed a very 
large qu.mtity of promising-looking material through the very perfect washing 
machinery set up. Unfortunaiely the results were nil. This is much to be 
regretted; for, had diamonds been found in the tuff, it would have settled the 
■^question as to at least one original source for them in South India. Mr. Orr 
and his partner’s were wmrthy of every success for the very spirited and thorough 
way they went to work in the matter. 

Mr. Copley was most courteous and obliging in allowing mo to see and 
examine all his workings and to take wbalovor specimens I wished. His pros¬ 
pecting, though unfortunately so rcsnltless *110 himself and his partners, was a great 
blessing to a large number of lahoni-crs who could have got no other work, because 
the terrible drought had stopped all agricultural work early in 188.>. I made a very 
•careful study of the tuff “ fleck,'’ and its surroundings, but could obtain no evidence 
whatcvi;r to its gciologicnl age. This is much to be regretted, as it is so far the 
only example of the kind known in South India. The nock is of considerable 
size and covers an area of several acres, but is much ob.scurod by gneissic debris. 
The tuff being much softer than the surrounding gneiss, its surface has been 
worn into a hollow forming the head of the Httlo valley across which a little 
further S.-E. stands the sm.all toivn of Wadjra Karur. Here and*there the tuff 
assumes the character of an agglomerate, enclosing a modomto^ number of small 
and large angular mas.sos of the epidotic granite gneiss through which the “neck” 
was protruded. Enclosures of no other rock were seen. , 

Not the faintest particle of cari)onaceou3 matter is to bo seen either in the 
tuff or the granite gneiss, and it is impossible not to attri- 
butc to this the absence of diamonds. Had the “ neck ” 
passed through highly ca-rhonaceons shales as was the case 
at Kimberley, diamonds would probably have been formed in abun(|ancc. 


Absence of 
ceous matter. 
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> That diamonds hare been and are from time to time found at and around 
Wadjra Karur cannot bo doubted, unless it bo assumed that “ all men (of that ilk) 
aw liars.” I had at least half a dozen spots in the adjoining fields pointod out to 
mo where fine stones had been found by men now living in the town, some by pure 
accident, others by men of Bohemian tendencies, who make a point of wandering 
over the country after every fall of rain in tlio hope of seeing the glint of a 
diamond washed clean by the rain. 

I devoted some days to wandering over the neighbourhood looking after 
traces of old gravels from which the diamonds might have 
derived, but was utterly unsuccessful whether in the 
bare gneiss country east and south of the place or on the 
regur spread north and west of it. Even in the old diaraoud-diggings westoi the 
town I had no better sacce.ss. I only got three or four realiy water-worn pebbles of 
dirty reddish-brown qnartz which might have conic accidentally from any neigh¬ 
bouring stream. All else was angular or weathered gnei.ss debris derived from the 
immediate neighlionrhood. I had hoped* | might get evidence of the former 
existence of gravels formed by disintegration of old conglomerate beds which 
formerly existed in the neighbourhood, for it requires no very great stretch of 
imagination to conceive that the conglomerates of the Kadapaaud Kaladgi foi’ma- 
t?ons once covered the area now intervening between their respective basins and 
extended even much further south. The basement conglomerate of the Karunl 
series which is known to contain diamond.s in various places might also have 
extended over the Bellary and Auantaimr plains in former geological periods and 
been denuded away, leaving a few diamonds behind as their very last I’emains. No*' 
^roof of this was obtfiined, and the question as to whence come the Wadjra Karur 
diamonds remains unanswered. 1 did not accept only the mere statements as to 
the finding of diamonds there made to me personally by the loc.*!! natives, but was 
assured both by Mr, E. S. Orr, and by Mi‘. Matthew Abmham of Bellary, well 
known as a diamond merchant and cutter, that they have repeatedly within the 
li^t few years bought good stones found there or close by. According to the 
statements made in the Bellary District Manual,' the diamond industry was far 
more important during last century than at present, Mr, R. S. Orr has now 
Wadjra Karur diamond for sale valued at more tlian £10,000. It is q. large and 
remarkably fine stone. 

Soil an>l supprjlcitd deposits. 

There is nothing of novelty or special importance to say of these, so I will 
defer their description for the final memoir. * 

Economic Geolo'jy. 

The economic geology of our tract is of very small interest and importance. 
Nothing but building .stone appears to be raised now. The old iron industry is 
nearly extinct. Some haematite is however still quarried at the north end of the 
northern ridge and smelted at Kamalapnr to be converted intoS^e largo iron 

•Written before the division of the old Bellary District, by Mr. John Kelsalt^fthe Madras 
Civil Service. 
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boilers used there and elsewhere in the district for boiling down sugarcane juice. 
Should the forest conservancy, now enci^getically caitied out, succeed in re-a* 
foresting the Sandur hills, and reducing the present high price of chaTOoal, it is 
possible that the old industiy in the way of charcoal iron might revive, the supply 
of splendid hoematite ore being absolutely unl^ited. 

No use is made at presenl of the S2)1endid ribind jaspers so largely developed 
in the north-eastern ridge of the Sandur hills, but they would supply exquisite 
material for Mosaic work in “ piotri duri,’' as would also some of the rich green 
quartzose gneiss found on the south t. dc of the Nimchary hills south of Bellary. 


Geology of the Upper Dching basin i n the Singpho Hills, hy Tom D, La Touche, 
B.A., Geological Survi y of India. (With a map.) 

The portion of the Suigpho hills sui\eyed by the exppdition under Colonel 
Woodthorpe, Ti B , during tho season ISSt-SS, includes the whole basin of the 
Uehing river, w Inch cntei’s the plains at the village of Bishi about 60 miles S.-E. of 
Sadiya, The nearest a re.i, to t his v dley tlfht had been geologically examined previ¬ 
ously W 9 .S the Maktim coal-field, about 45 mdes to tho west of Bishi, which was de¬ 
scribed and mappetl by Mr, l.Iallot in 1875.* The rocks there wore foun(Mo be of 
tertiary ago, and w ere dn idcd by Mr Mallet into four principal groups, called 
■ respectively, in descending order, Dching, Tipam, Coal Measures, and Disang. 
They dip, as a rule, in tow<xidsltKc main axis of the hills, and are travers¬ 
ed by a great fault, lunning parJlkl with tho base of the hills, with an up¬ 
throw to the south, wheiebj- the IJis.mg group has been brought into contact 
with the Tipam gr&up, and the rVal measures have been brought to tho sur¬ 
face. This fault apparenlly dies o™ towards the oast, as tliough I found the 
coal measures on tho lower slopes ’of Miiobuiu to the south of Bishi, I could 
find no traces of tho Disaug group between tho phnns and tho summit of tho 
Patkoi. The coal measuxts on Mi-iobuui w/'ro conformably overlaid by rocks 
which coriespond to Mr Mallet’s desciiption of tlie Tipam group, except that 
they contained none of the tragiucuts of silieificd wood which he describes as occui’- 
ring in tho Tipam sandstone*^. 

While the expediiion waiting near Bishi till supplies could be collected 
for an advaned up tho valley of tho Dching, I made an excursion, with Mr. Ogle 
of tho Survey, to Mnium (6,000 fiet), tho last high peak of the Patkoi range 
towards the east. On first entering the hills, in the valley of the Namgoi, I observ¬ 
ed blue sandy shales dipping east at about 30°, and some large fragments of coal 
lying on tiio shingle in the bed of the stream, but I did not find any of the coal 
in situ. I imagine we must have struck tho hills within tho boundary of the prin¬ 
cipal seams, as coal is said to occur in the Nam^uk some distance below the 
junction of tho Namgoi. On the lower slopes of Maium similar sandy shales 
cropped out, striking N-E and S-W, % vertical or highly indlinod, but between 
these and tho top of tho hill I could find no sections. At the summit the 
rooks were quite horizontal, consisting ^of tnick-bedded yellowish-brown sand¬ 
stones, in one place containing a seam of coal, 8 inches thick, resting on shale. 

* Mem. Geol, Saiv Ind., vol. xii, pt 2. 
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These rocks probably represent the Tipam group in tho Makum area, but their 
relation to the highly inclined rocks at tho foot of the hill could not be scon. 
They are probably conformable, the rocks below bonding so as to underlie those 
of the summit. Thus the Patkoi at this extremity is composed entirely of 
tertiary rocks, like its south-westojly extension the Barail range, in the North 
Cachar hills, • 

From Mainm tho range could be traced for about 30 miles to the B-N-B, 
but at a much lower elevation, still forming the principal watershed. After which 
tho N-B to S-W, line of disturbance of the Patkoi apparently becomes coincident 
with that parallel to tho Dapha and Phungau ranges. A fine view was also 
obtained of the Nongyong lake lying close under tho ridge to the S-E, and sur¬ 
rounded by a largo tract of level grass or reed-covered ground stretching far to 
the south. 

On Maiobdm the rocks were on the Avholo similar to those on Maium, with a 
general easterly dip ; but hero tho lower portion (.'ontainod two seams of coal. Of 
these, the lower one lies at an elevation of about 1,300 feet .above t(he Dehing and 
about IJ miles from it: 3 feet of coal is ijocn dipping to S-B, at 20°, resting on 
soft clayey shale. Tho upper seam is .500 feet higher up the hill, and hero 6 feet 
of coal pro exposed, but the seam is probably a good deal thicker, as fragments 
of coal occur in the jungle for some distance above tho outcrop. The coal in both 
seams is hard with a bright fracture. Close to tho outcrop of the lower seam 
is a small pool in which bubbles of inflammal Ic gas are constantly rising, and 
several piings, or springs, much resorted to by) wild elephants occur between the 
two seams. Further up towards the top ofJtho hill the rock, which is exposed 
here and there, is a generally coai-so thick-b/hiod sandstone, sometiuics conglo- 
mcritic, and occasionally false-bedded, dippimf to E, at from 30 to 40 degrees. 
At Bishi, on the Dehing, similar sandstones occur forming cliffs about 300 feet 
high, extending along tho right bank of the river for • bout half a mile. These dip 
to N-E, at 54°, Between this and tho Dapha river, about 20 miles further east, 
no rock in situ was mot with, tho country being generally covered with drift. 

While crossing the Nchongbtira, between the Dungan stream and tho 
Dapha, wo camped close to the hot spring mentioned by Mr. S. E. Peal.^ The 
temperature of the spring was 80° F. (air tem])erature 60° F.) and height above 
sen-level about 2,200 feet, I found that very little water was thro /n out by tho 
spring, though Mr. Peal says that about 50 gallons per minute rise, and at first 
sight it appears as though a large amount were coming up, as it rises in a jet 
some 8 inches high. This, as I found by tho application of a light, is caused by 
the evolution of a considerable quantity of g.as, which took fire and burnt with a 
flame some 3 or 4 feet high, giving out an odour of burnt petroleum. 

At the mouth of the Dapha, and for some distance up tho Dehing, thick-bedded 
sandstones with an E-S-E to W-N-W strike occur, dipping at about 45° to S- 
S.-W., and resting on blue clays which are exposed at the foot of .the terraco on 
the oast bank of the Dapha. About 7 miles up the Dehing cliffs of blue sandy 
clay are exposed on the north banic atriking N.-E., the strike bending round to E, 
about a mile further on, and the dip varying from 50 to 30 degrees, to N. These 

‘ Jour. Ab. Soc. lleng., vol. lii, pt. 2, p. 46. 
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beds contain numerous lenticular masses of fine-grained vexy soft brown sand* 
i^nes and oocasional bauds of coaly sbale, in one place about 8 feet thick. This 
is the coal mentioned by Wilcox in ^his account of his expedition to the Irawadi 
in 1828 ^; it is an impure* lignite. Beyond this the general strike of the rooks is 
W-N-W to E-S-E, the river flowing alorfg the strike. Sandstones, generally 
coarse and soft, but sometimes hard and finc-^ uned, are the prevailing rocks, con¬ 
taining many strings and bands of pebbles, with many fragments of lignite and occa¬ 
sional beds of blue and red shales. They are usually vortical or dip at high angles. 

At one place, about 7 miles below Kumki,® I observed two very large masses of 
gneiss extending nearly across the bod of the river, and apparently i» situ. On 
the eastern side of them the strike of the sandstones was reversed to N-E for a 
short distance. If this gneiss is really hi situ it is the only instance of crystalline 
rock that I met with in the whole valley of the Dehing. It is a strongly foliated 
hornblendic gneiss, some poitions of it containing garnets.’ Beyond this the rocks 
resume their B-S-E strike as (ar as Ihe village of Kuraki. This village is 
hituated in a level alluvial plain about 2 pules long by 1 broad, which must during 
tho rains be almost covered with n ater. It has been formed appa rently by the 
action-of a small stream, tho Takhnb Kha, which ]oms tho Dehing from the south. 

While at Kumki an excursion was mado to Biaobum, a point about 7,000 feet 
abovo Hca-lovel, on a ridge about 10 miles to the south. Tho rocks, wherever 
sections could be obtained, werc|s.mdstonts striking E. and W. On Biaobflm 
they formed scarps from 200 to IlpO iuel hii^h, with precipitous faces towards the 
south, running diagonally fromN^V to S-E across ihe general direction of the 
ridge. Prom Biao];>iim a view wm oblained down tho Thurong Kong valley to 
the south. The hills, from the scnikod appeirauce ot their summits, were appar¬ 
ently formed of similar sandstones,!aud were coveicd with dense jangle. Due 
south, on the other side of tho Thurong Kong, w.is a range of snow-covered hills 
with exceedingly jagged summits, probably c^yht.^llino, running N-E to S-W. 

Beyond Kumki sandstones continue for‘about 4 miles up tho Dehing, when 
the valley opens out again into a level ‘ patar,’ about 7 or 8 miles long and from 2 
to 3 broad. This is cntiioly covered by drift, but in one or two places patches of 
blue clay were exposed. This rock, being softer and more easily eroded than the 
sandstones, would account foi tho excavation of this laigo open plain. Boyoud 
tbiH the valley again closes in and sandstones continue, with a general east and 
west strike, but very variable, to tho foot of tho hills leading up to the pass ovei* 
the watershed between the Dobing aud the Irawadi. On these hills numerous 
angular fragments of schistose quart/ato iirere found, but I could find no sections. * 
Further on, about a mile below tho top of tho pass, fine-grained fissile'slates were 
exposed, striking N-N-W, and dipping to W-S-W at 50®. This rock, with 
coarser hard gritty bands, continued up to and beyond the summit of the pass, a 
section near the top giving the strike W-by-N, and another Jx'yond it, east and- 
west, with a dip of 45® to north. The highest portions of the range above the 
pass are apparently formed of gneiss, as the/o»i.ents bring down boulders aud 
pebbles of it from abovo. 

* Aaiatic Roaoarchoa, vol. xvii, pp. 322, Ac. 

* Kuok (by mistake) on map. , 
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It will thus bo seen that the whole of the valley of the Dohing, and probably 
a large extent of country to the soutli of it, are formed of rocks corresponding 
exactly to the higher tertiary beds of Assam, and altogether of a Sub-Himalayan 
type. Throughout the valley (with, the exception of tho doubtful outcrop of gneiss 
below Kumki) no older rocks whatever occur, and tho band of “axials’ and cre¬ 
taceous rocks, which extends in this direction from Arakan, and was fqund by 
Mr. Oldham^ in the east of Manipiu*, converging on the Barail and Patkoi, has 
been entirely buried beneath tho tertiarics. In the area described by Mr, 
Oldham, he found that upper tertiary rocks cncreachod more and more on the 
older rocks as they extended northwards, and my observations show that this 
feature has become completed still further nortli. 

I was unable to exarnitie any of the higher hills to the north of tho Dehing, 
where it is possible that I’cprosontativcs of tho Arakan rocks might be found 
between the tertiarics and tho gneiss of the highest peaks ; and indeed it apporrs 
likely tliat such would be tho caso, as largo numbers of blocks of serpentine 
are brought down by the Dehing. This rock is intrusive in tho ‘ axials’ of Ariikan, 
and was found well developed in Manipur, forming a dyke running north. Since 
I found none of it %n situ at tho head of the Dehing, it must bo brought down 
from the higher hills to tho north of tho river. As to the age of tho slates and 
quartzites at tho head of the Dohing, I can form no. opinion, as no fossils were 
found in them, and no sections showing their relation to the tertiaries. Nor did 
I find any fossils whatever in tho tertiaries. 

Tho most striking feature in tho vull<*y Lf the Dehing are the numerous 
terraces of drift, which are soon in many pla^s at various elevations above the 
present level of tho river. They are entirely /omposed of very coarse drift with 
well-rounded boiildera both of sandstones frmn the tertiaries, and of crystalline 
rocks, principally gneiss. They aro rao,st conspicuous on tho east bank of tho 
Dapha; and Mr. Peal, in his account of his journ('v up to the Dapha, gives an 
admirable sketch of tho lowest teivaco ovorhangii'.g tho river. This terrace is 
260 feet high, and above it are two other.s equally well defined, the second one 160 
and the thud. 140 feet high. Frein tho top of tho third terrace the ground 
stretches away perfectly level for a considerable distance. On the western side 
of tho Dapha terraces may bo traced, though they are not so well defined as those 
on the eastern side. One occurs at about IGU feet above the valley, and another 
at 500 feet, Avhile tho edge of the topmost plateau is 1,000 feet above tho Dapha, 
and from it the ground slopes gradually up towards tho north. On both sides of 
the Dungan is a well-defined terrace, about 60 feet above the river, which extends 
down to and along both sides of the Dehing as f^r as Bishi, forming perpendicular 
cliffs wherever the river washes against the foot of it. Some pa.ches of drift also 
occur at Bishi, resting on tho sandstone cliffs above tho village, at an elevation of 
300 feet above the river. Above the moidh of the Dapha tho Dehing valley is 
much narrowed, but drift at a higher level than that reached by the present - 
floods occurs at many places aloiig the banks; and at one spot, about 12 miles below 
Kumki, is a mass of drift forming a cliff about 300 feet above the river. A large 
portion of this has formerly slipped down and dammed up the river, forming a 

' Mem. Qeol. Surv. Ind,, vol, xix, pt. 4. 
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lake about a milo long, the surface of which was about 20 feet higher than the 
present level of the river, as is shown by the numerous trunks of dead trees, 
killed by the rise of the water, which are still to be seen standing on the banks. 
The river has cut down through the barrier, sf> as to have nearly returned to its 
original level; but there is still a long roaeh»of still water above the barrier, with 
beds of fine gravel and sand deposited while the lake was in existence. 

On the sides of the broad valley at Kutnki no traces of terraces could be seen, 
but the plain about 8 miles higher up the river is traversed by a very well- 
marked triple one running from N-E to S-W, the lowest step being 20, the 
second 50, and the third 200 feet aijove the river. 

These terraces must, I think, bo due to subsidence in the Brahmaputra valley, 
allowing the Dohjng water to run off at lower and lower levels. The same effect 
might have been caused by elevation of the upper part of the valley, but in that 
case it would be difficult to account for the absence of disturbance of the terraces, 
which are all as horizontal now as when they wore deposited. Moreover, we 
know that subsidence has taken place within recent times in the lower portion of 
thq Brahmaputra valley. The change of level has been considerable, certainly 
over 1J300 feet, as the beds of drift on the plateau west of the Dapha show. 

At first sight tho triple form of some of the terraces, as to the east of the 
Dapha and in the plain beyond Kuinki, would appear to show that the change of 
level had not been a continuous movement, but liad taken place by leaps and 
bounds as it wero ; but I think tRat this feature may bo accounted for in another 
way, viz., that during an oscillatreti of the river from one side of its valley to tho 
other, tho alluvium it had depositid on one side would be found oti the return of 
the river to that side to be highd* than the present level of tho river. These 
terraces, whoso height above cach\othor woultl de])cnd partly on tho rate of 
change of level, and pai’tly on tho length of time taken by an oscillation of tho 
river from one side of the valley to the other and back again, would be formed on 
either bank. This would also account for tho irregularity in the heights of the 
terraces on opposite sides of tho livor. 

I have noticed similar terraces of drift among the hills both to tho north and 
south of tho Brahmaputra, though nowhere so well defined as on tho Dehing. 
They occur in tho Digu at the .foot of tho Aka hills, and opposite the mouth of the 
Borholi is a large mass of drift, vising to 1,000 foot above the plain, which may he 
due to the same cause. Terraces also occur in the valley of tho Diyung in the 
North Cachar hills to the south of the Brahmaputra. 


On the microscopic charactei’s of some Eruptive Rocks from the Central Himalayas, 

hy Colonel C. A. McMahon, F.G.S. 


Periilotites. 

No. 94-215.—hVom the Puge Ladak. 

This specimen was collected by tho late Dr. Stoliczka, who gave the followitig 
account of the eruptive rocks met with on the Puga river. 

“ At first coming to the camp on the Puga stream we met with an epldote rook, 
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consisting of epidote, quartz, and alhite. The epidote, when crystallised, occurs 
in short prisms of yellowish or bright green colour. It is often replaced by 
diallage occurring in the same manner in short laminar prisms, and forming a 
beautiful syenile-like rock. SomrwHat further to the north the epidote disap¬ 
pears altogether, and the diallage is often found disseminated through a dark 
green serpentine mass, and in this way foi’ming a very peculiar rock, which by 
many geologists, especially in the Apennines and Southern Alps, would be called 
gahbro ; the Himalayan agrees exactly with the Alpine rock. Diallage occurs 
besides in large lumps, and very seldom is any bronzite to be seen here. The 
serpentine rock contains also sometimes sparingly /.eoliticand folspathic minerals, 
and varies greatly in colour. Further to the east, it is occasionally to be found as 
serpentine-schist and purer in thin veins. In the Pnga valley itself no stratifi¬ 
cation whatever is perceptible in the whole scries of these last-mentioned rocks; 
they have a truly massrive structure. 

“ What is still remarkable, and perhaps worthy of notice, are large spheroidal 
masses of quartz, which, in addition to numerous quartz veins, oceur throughout 
the serpentine I’ock.^ ” 

The hand specimen examined by me appears to have been taken from the out¬ 
crop of the “ massive ” rocks on the Puga river, in which “ no stratification what¬ 
ever is perceptible.” The rock, judged by the sample, is a peculiarly interesting 
one to me, as it is the first Indmn speciiiien of the ultra-basic class of eruptive 
rocks that I have seen. j 

I have examined three thin slices taken fiom two different sides of the hand 
specimen at right angles to each other, ancl^'all three slices present the same 
characteristics. The sample consists of aholo^rystallino mixture of olivine, augite, 
enstatite, picotite, and serpentine. It is a yejnety of peridotite, known as Iherzo- 
lite, partially changed into serpentine. 

In some places the change is complete, patclics here and there consisting 
entirely of serpentine. In other places the progress of conversion has been very 
partial; for, though the enstatite and olivine arc traversed by more or loss numerous 
veins of serpentine, considerable portions of these minerals have escaped serpon- 
tinization and remain fresh and unaltered. 

Olivine is abundant, and the major part of the rock, prior to the formation of 
serpentino, was evidently composed of this mineral. As usual ih this class of - 
rock the olivine has yielded to the hydrating ]}rocess more readily than the other 
constituent minerals, and it is cut up into countless grains divided by a mesh-like 
arrangement of canals filled with serpentino; the oxide of iron liberated by tha 
decomposition of the olivine being deposited in amorphous masses, principally 
along the edges, or immediately adjoining the canals of serpentine. 

The enstatite is quite colourless in thin slices, but it presents a characteristic 
foliated appearance, under crossed nicols. 

The augite is also quite colourless. With ordinary powers none of the miner¬ 
als present the appearance of y.pchillerization ” but on applying high powers 
the first trace of this process is observable in the augite, and irregular shaped 

‘ Mem, Gcol. Surv., Ind., v, pp. 128,129. 

< * Judd; Quar. Jour. Qcol. Soc. xli, 883. 
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laonnaa are numerous, in which opaque matter has been deposited without com¬ 
pletely filling the cavities 

The slices under description do not contain any diallage; but, here and 
there, the first stage of the alteration of augite^uto diallage may be observed, the 
characteristic cleavage of the latter mineral having been established. These 
augites, however, are in other respects quite fresh and give no indication of 
schillerization 

Although neither this sample, nor the next, to bo described, contain any 
typical diallage, or felspar, and consequently cannot bo called gabbros ; still 
these minerals may be developed in other portions of the lock, and it may 
locally pass into gabbro Piofessor Judd in his lecent papers has told ns how 
commonly gabbros pass into peiidotites in the Western Isles of Scotland.! 
If gabbro is assocuted with the peiidotites of Ladak, however, it is curious 
that Dr Stoliczka’s specimens from both the Fuga and Markha valleys should 
contain no trace of fclspai It is to be hoped that future observera in the field 
will study these mterobtiiig rocks more rfixliaustivoly and bring back a complete 
suite of specimens 

The specific gravity of the sample, above described, is lower than might have 
been expected, being 2 85, but this is evidently owmg to the loss of iron and the 
hydration of the olmno, consequent on its partial conversion mto serpontino ; the 
specific gravity of olivine ranging ^rom 3 3J to 3 5, whilst that of serpentmo is as 
low as 2 5 to 2 05. t 


No 94-213 



the MarUia JBicer, Ladak. 


Dr. Stoliczka, who collected thiAspccimen, refers to the rocks in this locality 
as follows • 4 

“Already when observing rocks in tho Indus valley, north of Gya, I have 
been very much struck with their more recent aspect as compared with the 
same rocks (which undoubtedly they are) at tho mouth of the Puga stream, 
examined daring my suivcy ol 1864 North of Gya they consisted of soft and 
partly loose conglomerate, reddish and purple slates and marls, and greenish 
sandstones, very much like those on tno Dugshai hill and to tho north of that 
station. I can attribute this comparatively recent aspect of the rocks north of 
Gya solely to tfie suboidmate development of the gabbio or diallage rock, which 
m the Puga valley seems to have perfectly alteiod and metamorphosed the slates 
and sandstones.”^ 

Dr. Stoliczka proceeds to detail the finding of nummulitic fossils * in the sand¬ 
stones a little to tho noith of tho Markha river, betwoon Kumbag (Eambak) and 
Skiu, and I gather from his description that the peiidotites of tho Puga and Markha 
valleys are intrusive m sedimentary rocks of lower tertiary age. Mr. Lydekker, in 
his recent memoir on Kashmir,* has also mapped the rocks at* the mouth of the 
Puga river, and those a little to the north of the Markha livor, as belonging to the 
eocene period. . • 

* Quor. Jour Geol. Soc , xli, S58 

' Mom. Qeol Suiv., Ind, v, 343. 

^ 16, j> 844 

* Mein Qeol Surv, Ind, xxii, 107 * 
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The sample of the intrusive rock from the Markha valley, when examined 
with tlio aid of the microscope, is seen to belong- to the same class as that last 
described. It is almost quite unaltered, however; its serpentinization having 
proceeded no further than tlio riddling of the olivine with countless minute canals 
which form a complete net-work ov6r ^e whole of it. Olivine is by far the 
most abundant mineral; enstatite comes next, and augite is somewhat subordi- ‘ 
nate. As in the last specimen, all these minerals are quite colourless in thin slices. 
Ficotite is present, but is not abundant. The specific gravity of the hand specimen 
is 310. 

Volcanic Ash. 

No. 94-218.—From Wangnty Ladak. 

This specimen was collected by Mr. Lydekker, but I have not been able to 
trace in his published, papers any reference to the outcrop from which it was 
taken. 

There is often great difficulty in discriminating between altered volcanic ash 
and felsites, by their microscopic characters only; but, unless appearances are ex- 
traoT*dinarily deceptive, I do not think there can bo any doubt as to the nature of 
this .specimen. Under the microscope it is seen to be made up of fragments con¬ 
solidated by pressure. It contains rounded and sub-angular fragments/of quartz; 
rounded grains of magnetite and ilmonito; and rounded and sub-angular frag¬ 
ments of moi*o or less decomposed igneous rocks, which differ from each other, in 
some cases, in colour and appearance. The interstices between larger grains are 
filled up with finer fragments of the same mate^dals. 

If further evidence of the nature of thoroch was wanting, I think it is suppli¬ 
ed by the fact that all the larger fragments aje surrounded by a thin margin of 
an opaque white product of decomposition, and that the grains of magnetite, 
though more or less converted into the red oxide of iron, appear to have been al¬ 
tered prior to their consolidation in the rock in whii h they are now found, for the 
matrix is not streaked with the red oxide, which probably would have been the case 
had the altemtion of the maguetito been due to aqueous agencies operating in 
situ. 

The ilmenite exhibits very distinctly its characteristic rhombic cleavage lines. 
These may sometimes be seen on the surface of the mineral when examined in 
reflected light, and at other times they are indicated by translucent lines when 
viewed with the aid of transmitted light. The ilmenite includes very numerous 
crystals of apatite. 

The fragmentary origin of the rock can, T think, be made out by the examina¬ 
tion of the weathered surface of the hand specimen with a good pocket lens. 

Diorites. 

Nos. 96-4, 96-6-^Intrasive in nummulitic strata north of Sirleia .— Hundes. 

Those specimens were collected by Mr. Griesbach. No account of the outcrop 
from which they were taken has yet been published. 

No. 96-4 is a highly altered diorite. The original constituents present in 
the rock are triclinic felspar and hornblende; and the secondary products of 
decomposition, calcite, magnetite, a zeolite, and chlorite. 
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Sphone Is present as an accessory mineral. The stractnre of the rook is 
granitio. 

The felspar is highly corroded, but the charactei'istio twining of triclinio fels¬ 
par is still visible in nearly all of it. It is in r^iither massive pieces, which show nO 
external crystallographic faces: lath-shaped prisms are not present. The angle of 
extinction of tho felspar twins indicates that the species is oligoclase. Hombleudo 
is abundant. 

Calcito is present in veins, and also invades the substance of tho rock. The 
calcite veins are pcculiaily interesting, as they contain not only air or gas iuolu* 
sions, but very numerous lir^uid ( ivitics with active bubbles. The calcite is 
undoubtedly a speond,iry produet, and the presence in it of licjuid cavities with 
moving bubbles shows that these interesting objects may, in some cases, bo due 
to the operations which gave birth to secondary minerals in a rock long after its 
consolidation In previous papers ^ I have already notcjl the prosoneo of liquid 
cavities with moving bubbles in epulote (a secondary product), and in secondary 
quartz in the amygdules of altered basalts, and explained their presence by the 
supposition that the rocks and amygduloidal cavities were filled, after the con¬ 
solidation of these lavas, “with the aid of highly boated water or steam under 
pressui’c.” Mr. G F. llakor, in In'- memoir on the geology of tho Comstock lode 
fpage 371), thought, wlion he wrote his memoir, that primary and secondary fluid 
cavities could be discium mated by their shapes , tho former being either in the 
form of negative crystals, or or vesicles, the outlines of which present “ smooth 
curves”; whilst secondary fluid |3atilics “are bounded by jagged lines.” But 
Piofessor Judd has smeo sbown\tbat negative crystals ® with liquid, or other in¬ 
clusions, may resulf* from “ sehilleri'/ ition ” and may assume the most regular forms; 
and I note in passing that the majority of the liquid cavities in tho calcite of the 
rock under description aixs boundcd^either by straight lines or “ smooth curves.” 
The shape of a fluid cavity, therefore, does not seem to afford a safe criterion for 
deciding wliothcr it is of piimary or seeoudaiy origin. In view of this difficulty, 
the presence of fluid cavities vvitli moving bubbles cannot, I think, be relied on 
as an aid to tlie diagnosis of a rock. They may bo of primary or they may be of 
secondary origin, and it seems imjiossible to.d]serimmato between the two classes 
by mere inspeetion. 

No. 96-16—This specimen lielongs to tho same class as tho last (No. 96-4), 
only its alteration has pi-occcdod much further. A zeolite has taken the place of 
the calcite ; and not only ai*e veins stopped w'lth it, but in a portion of tho slice it 
tiw.a invaded tho ground-mass and has taken the place of tho onginal minerals. 

The whole of the slice exhibits the progress of decomposition in a high degree ; 
but enough remains of the original constituents of tho rook to show that it was 
originally a diorito. 

Hornblende appears to have predominated over the felspar. Mach of the 
former mineral exhibits tho first stages of conversion into chlorite, and some of it 
has passed into that mineral. This sliej does not contain any spheno. 


• Svpra, XV., 161 j Kvii, 179; .vit, 74. 
^ Quar. Jour. Geol. Soc, sli, S84, 385. 
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Trdiinimry mte on the MaTnumlia of the Kai'nul Caves, hy B. Lydbeebb, B.A., 

^.G.S., &c. 

« 

Having received and eximiined the bones collected by Mr. H. B. Foote in the 
Kamul caves,^ I present n picliminary list of the Mammalian genera and species 
which I have been able to identify. My list differs somewhat from that given by 
Mr. R. B. Foote,* as I have found some forms which he had not recognized, 
while, on the other hand, I am unable (o confirm two or three of his provisional 
determinations. The majority of tho specimens sent to me consisted either of 
bones of Rodentia and Chiroptem, or of fragments of bones of larger Mammals, 
the greater number of which did not admit even of generic detennination. There 
were also sent a large number of bones from the surface bod, which were all of 
extremely recent origin, and need no further notice. Tho following list comprises 
the forms found in the deposits Iiolow tho surface' bed, exclusive of certain human 
remains, soide of which are briefly noticed, in the sequel:— 

PitiMArns— 1. Semnopithoous piiarans, SlftA. 

„ 2. Cynocephaliis (c/. anubi^, F Cnv.) 

Cabxii oda— 3. Felis tigns (or? loti) L\nn. 

„ 4. „ ? pardus, Ltnn. 

„ 5. ,. ebaus, F. Cjv. 

„ 6. „ rubigino?a,j:.Gc<)/fV*. 

„ 7. Hysena crocuta (fffrx/ ). 

„ 8. Vivorra karnulirasis, ». 

„ 9. Hcipestcs grisers, Desm. *■ 

„ 10. „ sniit^i, Gray. 

„ 11. Umis, Bp, 

iNsrc inonA—12 Sorev (f. c«rulc8ceii<i, SAato). 
t'HiKOPli RA—13. T.iphozonis saccolromu Tmm. 

„ 14 Pbylloi hina diadema (Goq^r). 

lloDixiiA—'16. Stiuius mnerurns, llarda. 

16 Golunda ellioti, Giay. 

17. Mus mettardi. Gray. 

18. „ platythriz, S^ket. 

19. Nesokiakok, Gi^y. 

20. „ bandicoota, SecA. 

21. Hystrix birautirostnlB, Brandt. 

22. Lopua (ef. nigi’icolHa, F. Cuv.) 

UitevtATA—23. Kliinoceros karnuliensis,». tp, 

„ 24. Equna (? 2 sp.). 

„ 26. Boil* or Bubaiua. » 

„ 26. Boaeliipbus trngocarneluB (Fall), 

„ 27. Gazella bounetti (Syke»). 

„ 28 Antilope cervicapra (Linn). 

^ u 29. Tetraceroa quadricornis (Blain). 


1 Supra, vol. xvil, pp. 200'208 (1884), and xriii, pp. 227'235 (1885). 

> Supra, vol. xviii, pp. 231'232. Some omeudationi have been on the genwic and 
ipcciflc tertna employed by Mr. Foote. 

* Including Bibos (Qataui). 
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UkoveatA'— 80. Cerras arlitotelis, Cttv. 

„ 81. . axis, JTf'drZ. 

M 82. Tragulas [^ef. memiana (lSSr«2.)]. 

M 88. Stts cristatni, Waffner. 

E]>bntata-> 34. Mania gigantea, Grc^. 

In this list tho crania on which Nos. 16^ 17,18 aro identified axe from loose 
red loam underlying the surface bed in the “ Charnel House ” cave in which human 
remains occur,^ but from other fragmentary bpecimens it is probable that these 
species also occur in the underlying bods. The most interesting features .in the 
fauna are tho two new species (Ncs. 8, 23), and the occurrence of Equus and 
the three Ethiopian forms Nos. 2, 7, 34. 

Of the new species, Viverra harnvliensis is founded on a mandibular ramus,* 
showing the camassial and tho alveoli of the prcmolars; the former is very similar 
to the corresponding tooth in F. zibetha and F. wegaspila, but the space occupied 
by the premolars is very much longer than in cither of those species, tho speci¬ 
men being quite unlike the mandible of F. civetta. As the mandible of the 
Siwalik F. haheri ’ is unknown, it ig almost impossible to say whether the 
Kamul form is identical with this species, but as this is somewhat improbahle, I 
have pVovisionally assigned a distinct name to the former. ^ 

Rhinoceros kamuliemish ■* is a small bicom, and brachydont species agreeing very 
closely in several respects with tho pleistocene B, etruscus of Europe, but differ¬ 
ing somewhat in the structure *f the upper cheek-teeth, and in the deeper and 
more defined channel in tho mand^brlar symphysis, and thereby approaching the 
African B. hicornis. Tho speciosidiffers from B. deccanensish * by its brachydont 
character and tho aj)3ence of tho distinct cingulum in the upper prcmolars. 

Of the Ethiopian forms tho Gh^ocephalus is indicated by a second lower true 
molar, indistinguishable from nil tjl C. anuhis; but probably insufficient for 
specific determination. Of Uyeena croauta thcro is a lower camassial and an upper 
canine; while Manis gigantea is represented by a terminal phalangeal of the 
manush * agreeing almost precisely with thd coiTosponding bone in a skeleton 
measuring 54 inches in length. Both Cynocephalus and Manis, as well as hysenas 
of the crocutine group, occur in tho Siwaliks; and tho present specimens are 
of great interest as proving that the intimate generic connection existing between 
the pliocene fauna of India and the recent Ethiopian fauna had in the late pleisto¬ 
cene (to whic& period I am disposed to refer the Karnul cave deposits) of India 
developed in some instances into a specific one, traces of which still remain in the 
existence of species like Felis leo, F, ^ardns, and Cams aureus in the two areas at 
the.present day. 

The JEguus I have at present been unablo to determine speoificallj, hut some 
of the molars (as Mr. Foote observes) indicate a small species, which may possibly 

' Supra, vol. xvii, p. 206. 

' ProTuionally identified by Mr. Foote {supra, voL zviii, p. 231) wita V, zibstha, 

* Pal. Ind’., ser. 10, vol. ii, part xxxiii, fig. i. 

ProviBionnlly identified by Mr. Footo {tuprq, aroL xviii, p. 822) with S. sondaieus 
(/avoniew). 

Pal. lod., sen 10, vol. i, pts, i-iii. 

Identified by Mr. Foote with M. pentsdaelyla. 
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be closely allied to the African JS?. toeniopus. The ocotirrence of a small species of 
JJrsne is indicated by the distal portion of a humoras; but it would be difficult to 
say to what species it belonged, the most likely forms being the existing U. malay- 
anm, and tho pleistocene U.namadiqjis of the Narbada valley. Some of the teeth 
referred to 8us cristatus indicate individuals of larger size than tlio existing race, 
but I cannot regard this as a specific 'difference. There are also some slight 
differences l)etween the upper molars referred to Oervus aristotolis, and the corre¬ 
sponding teeth of recent cxamjdcs, but those may probably be also considered as 
but racial variation. 

Besides the forms I have recorded, Mr. Foote mentions (1) Maeacm (?), (2) 
Gams, (3) Paradorurvs (V), (4) Tiipala (?), (5) Gerimlns aureus (?), (G) Ovis (?) 
and (?) Capra (?). Of No.s. I and 5 I can find no evidence, while I believe that 
the specimen on which No. 2 was determined belongs to Fills. Of Nos. 3 and 4 
the specimens are insufficient for generic detenuination Some limb-bones from 
the ‘ Purgatory ’ cave undoubtedly belong either to Oois or Capra, but as they aro 
of extremely, recent appearance, and agree pi’ccisely with other specimens from the 
surface-bed of the ‘ Charnel House,’ I am inclined to think that they cannot bo 
referred to the pleistocene fauna. 

With regard to human I’emains, Mr. Foote records * a molar from a depth 
of 4 feet in the ‘ Chapter House’ cave, which was the lowest level at which such 
remains were found; and ho also records ^ the occurrence of cut bones and 
implements, but without particularizing the horizons whence they were obtained. 
As the latter (specimens were not forwarded tu me, I can of course say nothing 
about them, but I may observe that a very coiisic^'rable number of the larger bonos 
sent to me have been gnawed by porcupines, and T would vonturo to suggest the 
necessity of submitting the reputed cut bone’’ (and perhaps {>ume of the ‘ instru¬ 
ments ’) to a stringent examination with a view of determining whether they may 
not have been subject to the same action. 

The more interesting of the aboYO-mentioned specimens will be figured in a 
fasciculus of the * Palaiontologia Indica’, which I hope to bring out during the 
current year. 

HARPtNDEN, 

The 8th March 1880. 


Memorandum on the prospects of finding coal in Western Rajputana, by R, D. 

Oldham, A.R.S.M,, Deputy Superintendent, Geological Survey of Ir^ia. 

As this subject is one of general interest and importance, in view of the groat 
expense incurred for fuel on all the railway lines in North-Western India, and as 
the discovery of workable coal in this region would allow of the profitable con¬ 
struction of a lino of railway much needed on other grounds, 1 have thought it ad¬ 
visable to draw up a special memorandum, in addition to the purely technical re¬ 
port of my last season’s exploration of the desert, showing the evidence at present 
available on this subject. 

* Supra, vol. xviii, p. 231. 

, > Jb., p. 232. 
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2. When Mr. Blanford made his traverse from Jodhpur to Bohri in 1676, ha 
noticed the occurrence near Pokran of certain bods, which by the peculiarity of 
their stinicture are shown to have been deposited throngh the agency of floating iea. 
Mr. Blanford considered that these beds wore^f Vindhyan age, for, near Pokran, 
they are overlaid by red sandstones, wliich closely resemble those seen near 
Jodhpur. Furiher west, near Jcssalmir, he described the occurrence of marine 
limestones of Jurassic ago underlaid by san<'' tones, whoso resemblance to the 
Mahadeva beds (uppor-Gondwanas) of tlie Indian Peninsula he recognised and 
commented on; but he did not recognise either the actual or the probable pre^ 
sence of the lowcr-Goudwana (coal-bearing) series in this district. 

3. During the cold weather of 1885-80, I was despatched to explore the groat 
tract of country lying north of Mr. Blanford’s i"ouie, of which nothing was 
known except that there wore extensive exposures of rock. My route lay from 
AJmere through Nagore, Falodi, and Pokran to Jcssalmir, whence, after making a 
loop cast into tlie rocky oasis lying north and north-west of Jessalmir, I returned 
through Lathi, Ba}!, and Bikanir to Ajmere. 

4. Ail the country east of PokrJn and Bap appears to consist of rocks 
of Vindhyan age overlaid for the most paid by alluvium and blown sand. These 
rocks aro all very much older than those in which our Indian coaA is found, 
and there is no possibility ot the occurrence of coal in this region. But along a 
zone running about noi th-nort|ji-east and south-south-west and extending from 
Shekasar to Nokra (both villages near the eastern bouudaiy of Jcssalmir) there is 
an exposure of a very characteristic rock. 

5. This is almost ccitainly ofWhc same age as the peculiar glacial beds near 
Pokran, referred to in sect ion 2, and consists of a mat rix ol fine-grained marl through 
which fragments of felsito, syenite* limestone, gneiss, and granite of all sizes from 
a few inches to in one case over 10^ feet across, aro scattered; and many of these 
are smoothed and striated in the peculiar manner characteristic of glacier work. 

6. As I have .said, thero can be no doubJ> that these are of the same age as the 
Pokran boulder bods, but fortunately thero can be no question here as to their 
not being of Vindhyan ago, for they contain fragments of Vindhyan limestone 
which must have been indiir.atcd and motamorphobod when they were deposited 
in their present position. It is consequently clear that those beds are of very 
much ncweiporigin than the Vindhyans, and consequently cannot but bo raprescut> 
ative of the Talchir boulder beds, the beds johich everywitere in India ‘underhe the 
coa l-meaBures. 

7. To the westwards of these bods and lying between them and the marine 
Jurassic limestones of Jcssalmir comes a scries of sandstones, very ill-exposed, but 
all having a slight dip to west-north-west. 

8. Wo have then recognised, beds oldor than the coal-measures; second, 
beds newer than the coal-measures; and fhitd, a series of sandstones lying 
between them: the question arises whether it is probable that coal will be found 
in these intermediate beds. 

9. Before proceeding I must remark thtft the country under consideration 
is extremely unfavourable for geological investigation. Undoubtedly actual 
outcrops of rook are as frequent as is usual in the Indian coal-fields, but on the 
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other hand the latter are nsoallj interseoied by streams in which the rooks are 
fairly well seen, and it has nearly always been*possible by fossil evidence to declare 
the actual existence or absence of the “ Damudas," the group of beds which has 
yielded all our Indian coal. But ii^ Jossalmir, if we except the western district 
in which the beds are demonstrably newer thanlAie coal-measures, there is not a 
single stream bed or oven a satisfactory exposure of rock. For the most part the 
country is a gently undulating plain covered with a sandy alluvium in which 
there are scattered frequent outcrops of very decomposed sandstone which do not 
rise appreciably above the general surface and are always so decomposed that it 
would be hopeless work to attempt a search for fossils, or still more so, for an 
actual outcrop of coal. Under these circumstances I find it impossible to give a 
definite opinion as to the presence or absence of this mineral, and can do no more 
than explain the conditions and possibilities of the case 

10. The facts that the beds both above and below the coal-measures are pre¬ 
sent, and that there is a great thickness of sandstones (certainly not much less 
than 2,000 feet and probably nearer 6,000 or more) lying between them, indicate 
the probable presence of beds of the same age as the Indian coal-measures, and, 
to judge from the fact that we have never yet found beds of the right age with¬ 
out also finding coal, the probable existence of this mineral. 

11. There are, however, two possibilities which must be borne in mind, first, 
that there may be no representative of the Damudas at all; and second, that though 
beds of Damuda age may bo present, but, owing to the conditions under which 
they were deposited, may not contain coal. ’ 

12. As regards the first of these, I have already pointed out that the ground 
is very unpropitious for geological investigation, and I can consequently give no 
direct opinion on the subject. On the road fro (a Pokran to Jessalmir there is a 
stretch of Malani volcanic beds much older than the Talchir boulder bed, and 
evidently an old land surface in the sea or lake in which the latter were deposit¬ 
ed. At the western margin of this old land surface the boulder beds are again 
seen, and on this section there is not room between them and the exposure of 
what seem to be upper-Gondwana sandstones at Lathi for the intercalation of 
any considerable thickness of beds. But to the north of this section, there is a 
much greater development of the sandstones which at their lower limit appear 
to pass gradually into the boulder beds, so that it is not improbable that there is 
here as in the Peninsula a slight unconformity between the lower- and upper- 
Qondwanas which has allowed of an overlap of the latter on to the Talchir 
boulder bed. 

*13. It may of course be that this unconformity in the series—which I may 
remark in passing is by no means proved but merely indicated by the imperfect 
observations that alone are possible on a rapid ia-averse—is universal in this 
region, but there is so great apparent regularity in the succession of the beds, 
which lie very flat a^d with a very regular dip, that I cannot regard this as 
altogether probable, and consider it more t\ian possible that somewhere in this 
region, the beds intervening between the Talchirs and the upper-Gondwanas will 
be found; 

14. As regards the possibility of the presence of beds of Damuda age without 
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coal, this is a more seriotiB consideration. The beds near the top of the sefhM^ 
vie., the Jessalmir limestones, are of indisputably marine origin, and near Bap theve 
are some beds of impure limestone associated with the boulder beds wluoh may 
be, but by no means necessarily are, of ma^ne origin. Besides this I notiesd 
that at one place some sandstones which appear to underlie the boulder beds had 
a saline taste; this is not, however, proof of marine origin, as the imprognatida 
with salt may have occurred subseqoenily to leposition. These facts might bO 
supposed to indicate the probability that the whole series was composed of marina 
deposits, and if this were the case all hope of finding coal would have to h0 
abandoned. 

16. There is, however, some direct evidence pointing to a different conclusion. 
Between Lathi and Shawal on the road to Jessalmir and again south-east of 
Jessalmir towards Kita, thoro aro repeated exposures of the sandstones immediately 
underlying the Jessalmir limestones, whoso resemblance trf) the Mabadovas of the 
Indian Peninsula has already been noticed (section 2). Now the Mahadevas are 
acknowledged to be freshwater (river) deposits, and moreover in these sandstones 
of Jessalmir there arc frequent pebbly b^ds in which the pebbles are not sufficiently 
numerous to deserve tbe name of a conglomerate; such bods are common, and 
easily accounted for in strata of fieshwater (riverine) origin, but are mot nsnally 
found in purely marine sandstonesj. The beds just referred to overlie a series of 
sandstones and shales lying between them and the boulder bods which are most 
probably similarly of freshwater origin. 

16. The probability may bo tbciofore considered to be in favour of the fresh¬ 
water (rivermo) origin of any beds of Damuda ago which may exist in this region. 
It does not folio w<as a necessity from this that they will contain coal, still look¬ 
ing to our invariable success in fin iing coal wherever we have found beds of the 
proper age, I cannot regard it as probable that this region will prove an exception 
to the goneral rule. 

17. 1 have ill the foregoing passages treated the question as impartially as 
possible, any bias being against a favourablo conclusion, but I cannot help regard¬ 
ing tho prospects of success as'sufficient to justify tbo expenditure of money on a 
systematic exploration, especially when wo bear in mind the immense value of a 
workable coal-field in this neighbourhood. 

18. My d{ 5 Scription of the nature of the countiy contained in section 9 of this 

memorandum will show that it is impossible m this case to follow the usual 
course of making certain of the actual existence of rocks of ooal-bearing age before 
recommending the expenditure of money in a search for coal. Here it will only 
be possible to determine this fact by laying bare tho rocks in quarries or sinkings 
made specially for that purpose, and money devoted to this purpose would be a 
purely speculative investment in which the prospects of success and failure are 
about equal, but while it would be impossible to exaggerate the value of success, 
the cost of &ilure would be small and limited. • 

19. As regaords the locality most favourably situated for exploration, I would 
recommend that this be commenced in the cofintry west of the village of Bap. 
I ohose this as, though the boulder beds oan be traced both north and south 
of this, 1 find that to the north the sandhills lie only a few miles to the west, 
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while a little north of the village of Bap their eastern boundary bends suddenly 
round to the west and leaves a much broader area, and consequently greater 
thickness of rock open for experiment. To the south of Bap the boulder beds die 
out against the old land surface mei^xtioned in section 12, and it is consequently more 
probable that a sinking would strike the Vindhyans than further to the north. 
Moreover, there appears to be west of Bap much more room for the development 
of a thick series of sandstones, and it is. very possible that the Damudas are 
present here, though cut out on the section between Pokran and Jessalmir by the 
overlap of the upper-Gondwanas on to the boulder beds. 

20. I may add that this country is quite untested by native wells. I was 
informed that for 20 kos west of Bap, there is no well: at Bap itself, I was 
Informed that a well had been sunk to a depth of 50 pums (ICO feet) without 
finding water. A well in this position could nOt possibly strike coal, being started 
in beds below the coal-measures. In the Ga7.etteer of Jessalmir, I find a reference 
(page 169) to a well having been sunk in this region to a depth of nearly 500 feet 
without finding water. No conclusion can be drawn from there being no men¬ 
tion of coal, for it is not likely that yillagi-TS ignorant of the properties or value of 
that mineral would take any notice even were they to pass through a bed pf it in 
sinking tkeir wells. Nor is the exact position of this well stated. 

21. It must not bo overlooked that the whole country lying south of the 
direct road from Jodhpur to Jessalmir is absolutely uflknown, and it is by no means 
impossible that the coal-measures may bo present in parts of that region, for the 
Talchir boulder beds are highly developed at Ldwa and Pokran, and may be over- ^ 
laid to the southwards by newer beds as at Dap. Still in the absence of more 
detailed examination and with all the I'eservation necessary otT that account, I am 
inclined to regard the prospects of finding feoal in the country west of Bap as 
being as good as are likely to be met with a?iy where else in the region in which 
alone we may look for it. 

22. With I’Cgard to the method of the search, either a series of borings 
might bo at once put down in the region I liavo recommended for trial, or this 
might firat bo examined with the help of shallow sinkings, to see whether there 
would be any possibility of the presence of the Damudas. 

23. There can be no doubt that the first would be the most rapid and thorough 

method, but it would also bo the most expensive. It is not imposaiblo that the 
less expensive form of exploration would show the uselessness of further search 
but on the other hand if the results so obtained were not absolutely unfavourable^ 
it would be necessary to follow them up by the more thorough method of a series 
of borings. t 

24. The country might also be explored by encouraging the villagers to sink 
weUs; this would, however, be very slow, for a well of 300 feet in depth would take 
quite two years to sink, and would, ,if we allow a dip of 5° (by no means an ex¬ 
aggerated estimate),* only test a thickness of rock corresponding to one mile in 
width of outcrop. 

25. I have not personally seen the country I recommend for trial. In explan¬ 
ation of this, I'may say that my instructions wore merely to execute a rapid explo, 
ration of as large a tract as possible, and that when I reached Bap there was little 
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or nothin to show me in which direction I would do most good. There weflfO 
indeed some signs that the dip was veering round to northwards, and in that cafi^ 
a northerly course—the one I adopted—would hare proved most profitable. Unfor", 
innately this did not turn out to be the case, ^nd it was only after the completioili 
of my tour and by patting together all the observations I had made, and the 
information I was able to obtain from the natives of the country, that I formed 
my conclusions as to the possible existence of •:oal in the country west of Bap. 

26. Under these circumstances I cannot recommend that borings bo immediate^ 

ly sunk, but would rather advise the preliminary examination of the district 
referred to, for which purpose 1 consider that an establishment of 15 to 20 ex¬ 
perienced quarrymen should bo sanctioned; these men would bo employed in 
making numerous shallow sinkings and quarries in which the rooks would be laid' 
bare and their nature better seen than in the very bad exposures of decomposed 
sandstone which are aloue visible in this region, , 

27. On the other hand it is n ot improbable that the Jessalmir Durbar would be 
more willing to find money for borings, as these, even if they did not strike coal, 
would very probably strike water, and it would be impossible to exaggerate the 
value and importance that is attached to water in this arid region. 


A Note on the OliVe Group ojf the Salt-range, hy R. D. Oldham, A.R.S.M., 
Deputy Superintendent^ Geological Survey of India. 

The last number of these Records contained a paper by Dr. Waagen on some 
palseoaoic fossils rpcently collected from the Olivo group of the Salt-rango. Dr. 
Waagen declared his conviction, founded on information supplied by Dr. Warth, 
that these fossils were derived fi’qm concretionary nodules and gave a true indi¬ 
cation of the age of the beds from which they w^ere obtained. On the strength 
of this conclusion Dr. Waagen declared that it would bo necessary to divide the 
Olive series into two portions, one of which" was to bo regarded as of lower car¬ 
boniferous, the other of eocene age. 1 Avas consequently despatched to the Salt- 
range to verify on the ground an opinion involving so groat a change; the results 
of my observations, which entirely confirm Mr. Wynne’s original mapping, are 
embodied in the following passages. 

On meeting Dr, Warth I was surprised to find that he by no means shared 
Dr. Waagen’s confidence in the concretionary nature of the fragments which had 
yielded these fossils, and that, though he was not unwilling to allow that this 
opinion might be correct, and that the fossils tnily indicated the age of the bed 
from which they wore obtained, he decidedly inclined to his origihal idea that 
they were transported pebbles; on examining the exposures I was able to convince 
myself that in this he was perfectly correct. 

In the first place the bed in which they occur is a thin band of gravel, the 
last rock in which one would 3 prion expect concretionary nodules to be formed. 
Then on examining the so-called concretions I found that in many cases the fossils 
extended right to the surface, and were there abruptly, often obj^quely, truncated, 
not infrequently they could be seen exposed in section on the abraded surface of 
the pebble and occasionally fragments could be found showing on iheir surface 
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tlio abraded and more or less obscured impressions of Gonularia or of one ot 
the associated bivalves. 

This would in itself be sufficient proof, but confirmatory evidence is not want¬ 
ing. There are associated with this bod some shaly bands lithologically very 
similar to the matrix of the Conularia pebbles, but these bands have so far yielded 
no trace of a fossil: further, near Choah Saidan Shah, where the band is less 
markedly gravelly and where the pebbles have more the appearance of concre¬ 
tionary nodules than near Tobar, there are frequent lenticular masses of an inch 
or more in thickness and 6 to 12 inches in length which are undoubtedly of con¬ 
cretionary origin and formed in situ, but those, though they have been most care¬ 
fully searched by Dr. Warth, have yielded no trace of a fossil. Yet another piece 
of evidence is the occurrence, though very rarely, of pieces of pale micaceous 
sandstone in this band, and one of these friigmontn showed obscure impressions of 
Oonularia ; now this fragment was angular in outline, and is moreover very differ¬ 
ent in aspect from any concretionary nodule that has ever been seen by me—or, 

I may safely sayj any other geologist. 

After this it might bo thought superfluous to add anything further, but it will 
at any rate be advisable to notice the arguments on which Dr. Waagen based his 
final conclusion. Of those, the last, that founded on the homogeneity of the fauna, 
IS without doubt the most important, and when taken in conjunction with the fact 
that four out of ten species are either identical lyith or closely allied to species 
which in Australia are found in beds that also exhibit proofs of glacial action,* 
would seem to make this argument conclusive. JiTovortholess, in the face of direct 
evidence pointing to a different conclusion, this becomes worthless. The peculia¬ 
rity, however, requires some explanation, and I offer the following hypothesis as ono 
that is at least possible; n careful examination of the fossilifurons pebbles has induced ' 
me to believe that for the most part thoy were originally concretionary nodules, 
though occurring in their present position as transported pebbles. I base this 
conclusion on the fact that thoy are frequently of somewhat iirogular shape, and 
that then it is usual to find the fossils completely imbedded, while those pebbles 
which show distinct traces of transportation and in which the fossils are trunca¬ 
ted at the surface are usually fairly well rounded and water-worn. It will be seen 
that if this contention is correct, and if shaly beds with concretionary nodules, for 
the most part formed round fossils, had boon exposed in the neignbourhood, it 
would not be difficult to account for the abundance of pebbles formed from theso 
same nodules. 

With regard to Dr. Waagen’s first reason, the restriction of the “ concretions ” 
to the top o^ the bed in which thoy are found, I canno^allow this to pass as a correct 
description of their mode of occurrence, though, if correct, I do not consider that 
it would prove anything. Undoubtedly the fossiliferous pebbles do occur more 
abundantly near the top of the bod than in the lower portions; but this is easily 
explained by the fact that most of the pebbles in this'band of gravel are of quarts 
or hard crystalline rock, and are of greater specific gravity than the fossiliferous 
pebbles. In consequence of this, the latter would be swept away by a current only 
sufficient to transport the former; but as the current died away, it would no l<mger 

> Supra, p. 44. 





PiRT 2.] Oldham ■ Note on the Olive Group of the Salt-range. 129 

bring down the heavier pebbles and a layer of the lighter fossiliferous pebbles 
would be deposited before the current ceased to be able to transport even them. 
This hypothesis is supported by the fact that, while the crystalline pebble gravel 
is very distinct near Tobarand Pid, it is alinos? absent in the exposures near Choah 
Saidan Shah, and the bed, here very much thinner, contains veiy few pebbles 
besides the fossiliferous ones and some of slate and impure limestone. 

This thinning'*out of the bed to the northwards i.s in contradiction to Dr. 
Waagen’s original supposition, that the fo.ssils came from the Himalayas—an 
opinion which must hiivo been founde d on pure hypothesis, and is not supported 
by any known fact for, not only have no Himalayan beds yielded fossils similar 
to those of the pebbles, but all the fragments of rock in the associated boulder beds 
are of most conspicuously peninsular origin, not a few ai-e of the very peculiar 
and easily recognizable Malani porphyry. It is consequently to tho southwards 
that we must look for the original source of these fossils; the only locality where 
any rock is exposed in that direction is the Koraiia hills, and unless the mother rock 
of these pebbles is found there or in tiic Salt-range itself, it must be buried 
beneath the alluvium of the Punjab. 

Havfng shewn that tho fossils are of dei’ivative origin aud can, consequently, 
not bo appealed to in determining tho ago of the beds in which they occur, it re¬ 
mains to see whet her there is any stiutigrapbical evidence in favour of the associa¬ 
tion of tho boulder beds of the Olfve gi oup with those of tho ;jpockled-sandstone 
which has been advocated by Dr. W.'>.'igen, and to detenuiue whether it will be 
necessary to draw any lino of division in what has so far boon regarded as a 
single group. I may at once I’emark that I can find no evidence whatever in 
favour of theso hypt)theses, but have every reason to agree with Mr. Wynne in 
associating these beds with the nurninulitics rather than with Hie older beds, and 
in regiirdiiig them as forming a .single homogeneous series. 

Not the least forcible of these is the fact that Mr. Wynne, a most careful ob¬ 
server, the accuracy of whose mapping it would be impossible to overpraise, and 
who had most ample opportunities for examining the rocks in detail, was distinctly 
of opinion that the beds of tho Olive group belong to a'single conformable scries 
of beds, and that this is more closely related to the ovoi'lying nummulitic beds than 
to tho underlying salt-pseudomerph group which he regarded as of triassic age. 

That this eonclusioii is correct, is proved by the marked unconformity which 
can be traced between the salt-pseudomorph group and the Olive group, and tho 
equally marked gradual transition from the latter into the soft whito sandstpues 
which underlie tho nummulitic coal. 

This unconformity is well seen on the main road from Find Dadan* Khan to 
Rawalpindi just beyond the 8th milestone, wh6re the road runs in a sidelong 
cutting in the steeply sloping hill side. Here there may be seen a small lenticular 
patch of boulder conglomerate apparently iutorbedded in the red beds of the salt- 
pseudomorph zone, but this is so exceptiuual and so much at variauco with what 
is seen elsewhere that I cannot doubt that tho intevbedding is only apparent and 
that the appearance is duo to slippage, of which thera is ample indication just here. 
But everywhere, as long as the junction is exposed on the road section, the boulder 
conglomerate is seen to rest on tho obliquely and iri-eguJarly truncated «dges of 
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the beds of the salt-pscadomorpli group. Where the boundary runs tip the hill 
side this is of course not so clearly scon, though the unconformity can be detected 
in the ravines; but here, ns in the road cutting, the boulder bed where in contact 
with the older rocks is full of fragments evidently derived from them. 

An equally cogent argument niaj? be derived from the fact that on all the 
sections I have examined the base of the Olive group is well marked by the 
sudden appearance of boulders of crystalline rock of large size. At their firat ap¬ 
pearance they are always fairly abundant and below the point at which they first 
appear, not even a pebble can be found in sittt. But passing upwards the very 
reverse is the case, the boulders disappear gradually, becoming rarer and rai’er, 
and long after they cease to occur with any regularity isolated fragments may 
occasionally be seen. Traces of glacial action are not common as high up in the 
series as the Cunularia bed, but they do occasionally occur, as near Tobar, and on 
the descent from the Ijandot plateau to the Makrach gorge (where 1 did not find 
the Gonularia bed), one boulder occurred in a white sandstone which appearato 
represent the Cardita beimnionti zone. Now the section up from lihe Gonularia 
bed, which evidently must be associated with the glacial boulder beds, to the 
soft white sandstone which underlies the coal shale, can be very well «een in 
BeA'cral places and nowhere perhaps better than on the western descent from 
the Pid Bungalow (Pid Pole of the map) and on the hill side just mentioned above 
the main road close beyond the 8th milestonj from Find Uadan Khan, and 
wherever the section is well exposed there can be seen to bo a continuous sequence 
and gradual ti’ansil ion from the Gonularia bed to the soft sandstones which, as far 
as I can undei'stand the case, represent the Gardita heamnoutixoixoof Dr. Waagen. 
The section above these cannot be so w'oll seen, but there is no I’oason whatever 
for supposing that there is anything like an unconformity between them and the 
uummulitic coal shales. 

Dr. Waagen has suggested that the boulder be !s of the Olive group and 
those of the speckled-sandstone are the same. I find it impossible to accept this 
view, for not only did Mr. Wynne regard them as absolutely and entirely distinct, 
but the colouration, from- which their name was derived, is so marked and so 
distinct that it is possible to recognize the occurrence and even to trace the 
boundary of this group fi'om a distance—in fact from as far as it is possible to 
see the distinction between hill and valley'. Jt is hardly conceit able that this 
strongly marked feature should be a merely local phenomenon and not indicate a 
difference of age. 

The stratigmphical relations of the beds are thus seen to show that the Olive 
group is a homogeneous group and must be assdeiated with the overlying num- 
mulitic beds rather than with the underlying palaeozoic or early secondary beds. 

If it should bo objected that it is improbable that there should be such a 
development of glacial boulder beds at more than one geological horizon, I would 
point out that Mr. Lydckker found bodsj of evidently glacial origin, in Ladak, 
which, like those of the Salt-rarge, conformably underlie the nummulitic series.^ 

1 This must he taken merely as n suggestion. I do not bind myself to anything except that 
the fossils occur in derivative pebbles, and that the Olive group of Mr. Wynne is of later origin 
than the rotok from which they arc derived. 



PART 2.] Mbdlicott: Discmsion regar.i'iMg iJie\}Ovi\AcvAiei!li». 


131 


As regards the speculations Dr. Waagen has based on these fossils, they are very 
similar to some which I put forward in 1884,^ except that the latter were perhaps 
more in accordance with the known principles of physical geogi-nphy, which hard¬ 
ly warrant us in picturing a glacial epoch wandering about the earth like a lion seek¬ 
ing whom or what it may devour. All snoli speculations, though useful in indicat¬ 
ing possibilities, should be used with gi-eat caution, and should not under any 
circumstances be fogarded as serious geology. 

To sum up : Ist, the fossils discovered by Dr. W.irth being of derivative origin, 
simply prove that the Olive group is post-carboniferous ; 2nd, the stratigi*aphical 
relations of the beds prove that it is a homogeneous group which is closely associated 
withljods of acknowledged nummulitic ago ; 3rd, it is in all probability of contem¬ 
poraneous origin with the infra-nuraniulitic glacial beds of Ladak; 4th, there is at 
present neither need nor reason for a revision of Mr. Wynncjs survey; and 5th, the 
(piestion as to the ago of the Talchir group of the (londwana series is left precisely 
as it would lie had these fossils ncv'or been discovered. 


Memorandum mt (he discnsnion regarding (h>‘ bouIdor-bed.s of the Salt-ijange, 
liy IJ. 13. M kdIjICOtt, Director of the, (ieological 87irvey of India. 

The prnmulgalors of an important annouiuMunent are bound to give immediate 
publicity to any doubt tha,t may arise regarding if, and I accept Afr. Oldham’s 
note as throwing ranch doubt upon tli.* new \ ieiv of the Salt-range sections ex¬ 
pounded by Dr. Waagen in tbe last number of the Records; but as the note is 
not completely demousf rative and exhaustive, it is tlesirable to anticipate further 
discussion by an appraisement of the present evidence on both sides. 

Hfiving no jicrsunal knowledge ofithe ground, 1 accepled tbc now view on its 
merits ns reproscntcil by Dr. Waagen, wdio next to Mr. Wynne was most familiar 
with the sections in qne.stion, and lio was moreover in direct communication with 
the observer who furnished the immediate data for tho change of interpretation. 
In adopting the viciv so forcibly presented I bad tho satisfaction of finding that 
no discitjdit was imputed to Mr. Wynne’s work. Besides that Dr. Waagen was 
himself almost as much concerned as ]\rr. Wynne in any oversight that had been 
made, it seeraod^that the oversight in question was of a most venial nature—the 
not having deteseted fossils in a partituilar thin bed of gravel; and T know well how 
deceptive may be an appearance of natural contiauou.s sequence of strata. On the 
whole, as represented by Dr. Waagen, the jiroposod view seemed to me to recon¬ 
cile some apparent anomalies in the sti’atigi’aphy of the Salt-range as roprcjiented in 
Mr. Wynne’s memoir, notaiily the similarity noti(!ed by bim in tbe several boulder, 
beds placed in very diffei-ent horizons, although apparently in more or less con¬ 
tinuous connexion. I even thought that the new i-cading would be especially 
pleasing to Mr. Wynne, as tending to re-viiidiciito his original view of the occur¬ 
rence of older palaoozoic strata in the ea-^tern Salt-range, which had been tho 
principal point of difference between him and Dr. Waagen. 1 did indeed per¬ 
ceive a want of duo discussion of petrological and stratigraphical evidence in 

’ Rumo rough notes for the construction of ii chapter in tbe llistui'y of the Earth, J. A. S. 11., 
(1884). * 



]32 liecQVih of the Geological Bun,ey of hulia, [voL. xix. 

Dr. WaagOTi’s presontation of the case, but this seemed attributable to the fact 
that Dr. Warth is not a practised observer, and the main arguments brought 
forward appeared overwhelming; these were, the occurrence of a small special 
fauna in a particular bed over a large area; and, that the reputed boulder-bed 
of the Olivo group comes to an end just where the speckled-sandstone boulder 
gi’oup comes in. Coincidences such as these would be little short of miraculous 
if fortuitous; and the two together seemed, as I say, overwhelming. Neverthe¬ 
less I determined to have the case looked into at an early date. My only reluc¬ 
tance in deputing Mr. Oldham for this duty was that he might be unconsciously 
inclined to favour a view that seemed to tally so well with his own recent observ¬ 
ations. llis decision has, however, been decidedly adverse. 

It would have Ixjen impossible for Mr. Oldham in a short visit at the end of 
the working sea.son, when the Salt-range is like a fiery furnace, to have made 
anything like an exhaustive study of this question. He confirms the leading 
facts of the occurrBncc of these peculiar fossils, though not absolutely restricted 
to the one layer. This of course so far strengthens Dr. Waagen’s? position, upon 
the o.xclusivo presence of palajozoic fossils in what were taken to be cretaceous 
deposits.. Mr. Oldham brings the petrological evidenco to what he oonsiders 
demonstration point: that these fos.sils are all transported and cannot therefore 
bo taken as indicating the ago of the bed in which they occur; he admits that 
the ‘pebbles’ were originally concretionary, but that in their pre.sent position 
they are. true pebbles. It is at least possible to demur to some of bis arguments 
involving ^a priori' views of wbat may or may not he possible in this mode of 
solidification. The symmetry of form usually conveyed by the word ‘ nodular ’ 
is more.or less implied in this argument as necc.ssary, which may be questioned : 
most of us have seen conglomerates and gravels eomented by carbonate of lime in 
more or loss iri'egnlar form and degree; kaukar and iliuts commonly assume the 
most fantastic shajjcs, and I certainly have seen flints with fo.ssils not merely 
appearing at the surface but projecting beyond it. Again, these Coiiularw, 
like most fossils, were a( first virtually pebbles, and subject to abrasion from 
water movements; can it be said to be a priori impossible that in becoming 
included in lumps formed in the matrix the abnided end of a Gunularia might 
remain at the surface of the lump so formed 'f Mr. Oldham’s ruling on this 
petrological point might be made almost absolute if ho could'assort that tho 
ground-mass of the gravel bed is quite different from that of the fossiliferous 
pebbles in the bed. 

But even granting the literal correctness of Mr. Oldham’s opinion, that these 
fossiliferous pebbles were not formed in tho ver;? bed w'here they occur and are 
not thoreforo rigorously contemporaneous, the puzzle would not oo solved j nor 
is it much affected by Mr. Oldham’s explanation of how those pebbles might 
have been sorted ,„aa we find them. This only shows how tho disputed fact 
must have come about if it is a fact, but to avoid which Dr. Waageu felt com- 
jjellod to adopt the view he has'brought fonvard. Is it conceivable that in upper 
oretaccous time, when the abundantly fo.ssiliforous permian and secondary deposits 
were in force in tho neighbourhood and presumably exposed to denudation if older 
deposits were so, a special collection of fossils from those older deposits can havu 
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boon raked together, transported together, and deposited together at a distance 
by the promiscaoaa process of detx'ital agency ? Is it not moi'e plausible to 
suppose that they were washed into the gravel bed from some con tern poraneoue 
(palaeozoic) pool deposit close by ? So long as special palaeozoic fossils only are 
found in these beds, their upper cretaceous ago will bo open to doubt, 

Mr. Oldham next takes up the stratigraphical question of the relation of the 
Oonularia bods to those above and below them. As to the upward succession he 
Strongly re-affirms the view of a continuous so(|U» nco up to the nummnlitic coal- 
measures, This opinion must carry much weight; but it would be difficult to 
say that the possibility of deception is inadmissible. Even if a stray Omwlaria 
pebble were found in the true Cnrdita bpavmonfi beds there would be no wonder, 
considering their abundance in the zone below. The strong unconformity of the 
bonlder-bed to the underlying salt-psoudomorph group would only be pertinent to 
the question at issue through the I’clatioii of the latter to*the speckled-sandstone 
group, regarding which point no frosh infoJTOation is given. 

The lines * 0 ! evidence so far considered are only susceptible of cumulative 
proof. In the sections west of Makrach it ought to bo possible to get absolute 
ovidenoo in favour of the old interpretation if it be tenable. This is the second 
crucial point in Dr. Waagen’s jiosition, the relation of the eastern bonhlcr-bed to 
those of the speckled-sandstone. IMr. Oldham’s investigation did not reach so 
far. t 

Even if the eastern end of the boulder beds should remain as originally 
jdaced, in the crotaceo-eocene zone, Ihose of the western and trans-Indus sections 
which are undoubtedly palreozoic, will still hold the position assigned to them by 
Dr. Waagon, as presumably representing the Talchirs. 


Note on the Gondwana Homotaxis, by R. Lyuekkek, B.A., F.fH.S. 

It is extremely inksresting to notice how very closely the ago as.signed to 
the different groups of the Gondwansis from <ho discoveries recorded by 
Dr. Waagen* and Mr. Oldham® tallies with that indicated by the vertebnites. In 
dealing with the veidobiutes of certain Gondwana groups, I have shown ■'* that 
their evidence taken alone would indicate the following homotaxy, viz .:— 

Low. Trias.:—PaiicLet. 

Permian ; —Bijori, and Mnngli (Up. Daniuda). • 

This would indicate that the Barakars (Low. Damnda) correspond either with 
the lower permian or the upper carboniferous, and the Talchirs either with the 
upper or lower carboniferoxis.^ In the face of the apparently eoutrudictory 

* ‘ Rec. Geol. Surv. Ind.,’ vol. xix, pp. 22— 38 (1880). ^ 

* Ibid, pp. 39— 47. • 

* * Palmoutologia Indica,' Ser. 4, vol. i, pt. 4. p. 2, and pt. 5, p. 2. 

* Or. Wangen classes the Salt-range buulder.bed (the equivalent of the Talchirs) with the 
upper carhoiiiforous, ns he alHliutcs it to the luwer Frodactus-limestono which is provisionally 
referred to the same period. The marked unconformity hetweeu the two saggaats, however, as 
Mr. Medlieutt uhi^erves, a somewhat lower horizon (? lower carhuuit'erousj fur the two honldi:r>bc<ls. 
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plant-CAndoncp, I did not venture to assort that such homotaxy was the true one, 
but its almost precise agreement with that given by Dr. Waagen ^ can scarcely bo 
an accidental coincidence, and therefoi’e indicates that it may be approximately 
accepted, and also shows that in future greater value may be attached in such 
cases to vertebrate evidence than ha'J hitherto been considered prudent. 

The second point I have to notice iS the probable occim’encc in the North- 
West Himalaya of a representative of the Salt-range ('ralchir) bonklor-bed. In 
the Kashmir area the Kuling series apj)arently corresponds to the lower Pro- 
ductus-limestone, Avhich Hr. Waagen^ regards as probuldy equivalent to tho 
upper carboniferous.® Beneath this .series there oecnx-s a considerable thickness of 
trap, underlain by a eonglomeiato, whicli has been coi'rel.ated with tJie Blaini 
group of Simla, and has been compared both by Colonel McMahon and myself* 
to a glacial boulder-bed. Disregarding tho traj)s, the presenco of which is so-io- 
speak accidental, it wdl bo apparent that the boulder-bed holds much the sumo 
relativ'O position to the Kuling sciies as the Salt-range bouldei'-bed does to 
the Produetu.s-limestone, and the presumption therefore is that, the two are 
approximately Of|nivalent. Other bouldcr-bed.s lower down in the Himalayan 
series point to the prevalence of glacial conditions at an earlier epoch. 


ADDITIONS TO TIIK MUSK PM. 

J’bom 1.ST Janc.^ky to 31st Makch ISSd. 

Specimens of sandstone, white marble, fcri’iiginoiis limcstoiie, and limestone, some ent and 
polished, and gypsnm in the raw state and prepared for use, 21 spetimens iu all, from 
dilTereiit localities in Jodhpur and Jesalinir. 

PUESKNTKU TJY TUT' POLITICAL AOENT, JeYPOKE. 

Six specimen.^ of hlicdite from llie Warclia mine, Mayo salt-ni "i-.s, Punjab. 

lb{E.sENTED uy Dn. H. Wabth. 

Some gem sand (mostly spinel) from Mogout, Ujipcr Ilunm'h, .and a .specimen of jadeitefrom 
the palace, Mandalay. 

J’kesented b\ Dr. R. Romanis, Rangoon. 

A speciinen of cerussite, with quartz and ochre, from IJardi district, South Rewali. 

Pbksented uv AIajou D. W. K, Pabm, Political Agent, Bhaobl- 

KIIAND, AND Sl’PBBINTENDBNT OF ReW^AU StATB. 


' 'Op. C»7., pp. 3.1-35. 

» Op. ciU P- 32. , 

* Basing my judgment on the lumd'cr of species common to the Kulin j and Productus- 
limestone and the Mountnin-hniostono, I have previously (Mcni. Geol. Surv. liid.,vol. xxii, p. 161 
[18*53]) referred both the former groups to the lower carboniferous, having overlooked a previously 
published note of Dr. Waagcii’s to the elTect that tlie Produclus-limestonc was not newer than the 
upper carboniferous (see M iiiiual of Geology of Indiy, Pt. 2, pp, 492-3 [1879]). The reference of the 
Kuling to the upper instead of the lower eiirhotiifcrous accords much lK‘tter with the fauna of the 
succeeding strata, which (as in the Sidt-rangc) has a trinesic facies. The age of tho Moth series 
(provisionally referred by Stoliezka to tho upper siluriaii) which underlies the Kuling of Spiti, and 
has been correlated with the lllaiui, requires re-cousideratiou. 

* Mem. Geol. Surv. lud., vol. sxii, p. 247. 
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A large piece of nummulitic coal from Chitteedand, 10 milee west of Kbewrah, Salt-range, 
, Punjab. 

Pbesbnted by Db. H. Wabth. 

Four specimens of fossil plants from the Raniganj colliery. 

Pke#bntei) by Mb. G. Babtob, Ranigakj. 
Pebbles with Conularia, etc., from the Olivc^roilp of the Salt-range. 

Pbesekted by Db. H. Wabth. 


ADDITIONS TO THE LIBRARY. 

From 1st Janttahy to 31 st March 1886. 

Titles of Books. Donors. 

Axderson, J . ir.— The Prospector’s Handbook. A guide for the prospector and travellorin 
search of metnl-beariug or other valuable minerals. 8“ London, 1886. 
liAlh, Valentine. —On tho collection of the fo.ssil mammalia of Ireliind in the Science and Art 
Museum, Dublin. 4® Pam. Dublin, 1885. The Aothob. 

Becker, Geewye J?*.—A theorem of maximum dissipalivity. 8® Pam. New Haven, 1886. 

• * The Adthob. 

. „ A new law of Thermo-Chemistry. 8® Pam. New Haven, 1886. 

Tbb Author, 

Bonnet. T. G. —On the Arcluean rocks of Great Britain. 8° Pam. London, 1885. 

^ R. Lydekkeb, 

„ Address delivered .at the iinniversary meeting of the Geological Society of 

London on Ibo 2()th February 1885. 8° Pam. London, 1883. 

R. Lyuekksb. 

Bronn's Klassen und Ordnungen des Tbier-Reiohs. Band VI, Abth. 3, lief, 48-49. 8® 
Leipzig, 1885. 

Buckler, William. — Tbo barvae of tly British Butterflies and Moths, Edited by H. T. 

Stuinton. Vol. I. (Ray Soc.). 8° London, 1880. 

Cameron, Peter, — A monograph of (he British Phytophagous Hyinenoptera. (Tentliredo, 
Sirex and Cynips, Linnd). Vol. II. (Ray Soc.). 8® London, 1886. 

Cote, E. D. —Synopsis of the species of Oreodoniidfle. 8® Pam. Philadelphia, 1884. 

K. Lydekkeb. 

„ On the structwe of the sknll in the £la.sraobranch genus Didyraodns. 8® 
Pam. Phibi^lphia, 1884. R. Lydekkeb. 

Doyle, PaA-*-Coal-mining by blasting in the Bengid coal-fields. Else. Pam. Eoorkee, 1885. 

The Authob. 

Dutont, Edouard .—Note snr 1e terrain Devonien Moyen de la Belgique. 8° Pam. 

Bruxelles, 1885. The AUthob. 

„ Sur les calcaires frasniens d’origirine eorallienne ct sur lear distributiou 

dans le massif paldozoique de la Belgique. 8® Pam. Bruxelles, 1885, 

The Authob. 

„ Note sur le Devonien Infdrieur de la Belgique. 8® Pam. Bruxelles, 

1886. • * The Author. 

Fbitsch, Dr. Fauna der Gaslcohle uiid dor Kalksteino der Permformation Bohmons. 

Band II, heft 2. 4“ Prag, 1885. 

Gbewinok, C .— Die geognostischon und orographischeu verbaeltoisge des Noerdlichen Per- 
siens. 8" St. Petersburg, 1853. 
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Titles nf Bonis, Donors, 

Jackson, ./rfwp.».— Tableau de diverses vitesses exprimdes en mitres par seconde. 8® Para. 

Paris, 1886. The Authob. 

Kukz, George Precious stones. 8'’^Pnm. Washington, 1885. The Acthob. 

liEMOiNE, M. I^tude Rur le Neoplagianlax do la faune doceiie infdricure des environs do 
Reims. 8° Pam. Paris, 1683. R. Ltdskkeb. 

Lbmoine, Victor.— La vigne en champagne pendant les temps gdologiqnes. 8“ Pam. 

Clialons, 1884. R. liTDEKEEB. 

Lydekkeb, Richard. — A revision of the antelopes of the Siwaliks. 8® Para. London, 1885. 

R. Ltdekkeb. 

„ Note on an apparently new species of Hyopotamus (11. Picteti, 

nobis). 8® Pam. London, 1885. R. Lydekkeb* 

„ Note on tlie generic identity of the genus Eslhonyx, Cope, with 

Platychierops, Charlesworlh (=Miolophn8, Owen). 8° Pam. London, 

1885. R. Lydekkeb. 

„ . Note on some Siwalik bones erroneously referred ' to a Strnthioid 

(Drointens (?) Sivalensis, Lydl) 8® Parn. London, 1885. R. Lydekkeb. 

„ Note on three genera of fossil Artiodactyla, with description of a 

new species. 8° Pam. London, 1885. R. Lydekkeb. 

Meyeb, Otto. —The genealogy and the age of the species in thesonthern Old-Tertiary. Parts 
1-2. 8® Para. New Haven, 1885. ( E. Lydekkeb. 

MubbaY, James A. H. —A new English Dictionary on historical principles; founded mainly 
on the matei4hls collected by the Philological Swiety. Part 2. 4®. 
Oxford, 1886. 

Notes on products of the Maknra coal-measures exhibited by the Assam Railways and • 
Trading Co., Ld., at the Colonial and Indian Exhibition, London, 1886. 
2ud edition. 8° Pam. Dibrugarh, 1886. 

Revenue and Aohicultubal DEPABTJfENT. 

Paldontulogie Pranyaise. P* sdrie. Aniraaux Invertdhrds. Terrains Tertiaires. Tome I, livr. 

1-2: and 2'“'sdrie, Vdgdtaux, Tome IV, livr. 34. 8“ Paris, 1885-1886. 

Pbestwich, Joseph. —“ Regional Metamorphism.” 8® Pam. Loudon, 1886. 

R. Lydekkeb. 

Schmidt, Carl Wilhelm. —Die Liparite Islands in geclogiscb'er und petrographischer 
Beziehung. 8® Pam. Berlin, 1885. The Authob. 

Thomson, Sir C. Wgville, and Mubbay, JoAn.—Report on the scientific results of the 
voyage of H. M. S. ‘‘Challenger” during the years 1873—76. Zoology. 
Vols. XII-XJ11, 4® London, 1886. 

Thb'^Secketaby oe State fob India. 

Waitbnhofen, a. von. —Ueher die Therra^n von Gastein. 8® Pam. Wien, 1885. 

The Authob. 

Waud, Thomas. H. The Indian Coal-mines. Is legislation necessary to regulate their work¬ 
ing? Some remarks on‘‘The Critic criticised,” by Joseph Chater. 8® 
Pam. Calcutta, 1836. The Authob. 

Zittel, Karl A. —IlBudbuch der Palmontologie. Band IT, Abth. I, lief 6, and Band II, 
Abth. II, Hef 4. 8° Mfinchen, 1885. 
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PERIODICALS, SERIALS, &c. 

Titles of Boohs.. Donors, 

American Journal of Science. 3rd series. Vol. XXX, No. 180, and XXXI, Nos. 181—182. 

8“ New Haven, 1886—1886. • Thb Editobs. 

American Naturalist. Vol. XIX, Nos. 10—12, and XX, No. 1. 8" Philadelphia, 1886— 
1886. 

AnnaJen der Physik uncj Chemio. Neue Folge. Band XXVI, heft 4, and XXVII, Nos. 1—2. 
8' Leipzig, 188,')-1886. 

Annales des Mines. 8™* sdrio. Tome VIII, livr. 4—6. 8" Paris, 1885. 

L’adhins. DBS Mines 

Annales des Sciences Gdologiquea. Tome XVII—XVIII. 8® Paris, 1886. 

Annales des Sciences Nalurelles. Botaniqne. 7“* serie. Tome II, Nos. 2—6. 8® Paris, 
1885. 

Annales des Sciences Naturelles. Zoologie und Paldoutobgic. 6"''^8<5rie. Vol. XIX, Nos. 2— 
3. 8° Pari.s, 1885. 

Annals and Magazine of Natural History. 6th series. Vol. XVII, Nos. 97—99. 8® 
London, 1886. • 

Archiv fiir Natnrgescliiclite. Jahrg. LI, heft 4. 8® Berlin, 1885. 

Athenmum. Nos. :1034—30<15. 4® London, 1885—1886. • 

Beibliittcr zu den A nnalen dcr Phy sik und Chemie. Band IX, No. 12, and X, Nos. 1—2. 

Leipzig, 1885—1886. 

Bibliothcque Universcllo et Bcvuc £?iii8se. S™* pdriode. Tome XXVIII, Nos. 83—84, and 
XXiX, No. 85. 8° La .Nanno, 1885—1886. 

Bibliotheque Universelle. Archives des Sciences Physiques et Naturolles. 3™* pdriode.j 
Tome XIV, Nos, 9—12. 8® Genfeve, 1885. 

Botnnischer Jahresbei^cht. Jahrg. XI, Abth. 1, heft 2. 8° Berlin, 1886. 

Botanischos Centralblatt. Band XXIV, Nos. 11—13, and XXV, Nos. 1—9. 8® Cassel,* 
1885—1886. • 

Chemical News. Vol. LII, No. 1360 to LIU, No. 1371. 4® London, 1885—1886. 

Colliery GuardLau. Vol. L, No. 130.3 to LI, No. 1314. Fol. London, 1885—1886. 

Das Ansland. Jahrg. LVllI, Nos. 50—52, and LIX, No.s. 1— 9. 4" Stuttgart, 1886—1886- 

Geological Magazine. New scries. Decade III, Vol. III. Nos. 1—3. 8“ Loudon, 1886. 

Iron. Vol. XXVI, No. 675 to XX ITU, No. 686. Fol. London, 1885—1886. 

Journal de Conchylioh»gie. 3"'* sdrie. Tome XXV, No. 3. 8® Paris, 1885. 

Journal of Science. 3rd series. V<>1, VII, Nos. 143—144. 8* London, 1885. 

• The Editob. 

London, Edinburgh and Dublin Fhilosopbic.al Magazine and Journal of Science. 6th series. 
Vol. XXI, Nos. 128—130. 8° London, 1886. 

Mining Journal, with Supplement. Vol. LV, No. 2625 to LVI, No. 2636. Fol. London, 
188.5—1886. • ■ 

Natiiroe Novitates. Nos. 24—25 (1885), and Nos. 1—4 (1886). 8° Berlin, 1886—1886. 

Nature. Vol. XXXIII, Nos. 842-863. 4® London, 1885—1886. 

Neuca Jahrbucli fiii Mineralogie. Geologic und Palaeontologte. Jahrg. 1886, Band I, heft 
1. 8° Stuttgart, 1886. , * 

Repertorium zum Nenen Jahrbuch fiir Minertilogie, Gcologie and Falaeontologie fiir die Jahr* 
gange, 1880—1884, nnd die Beilagc-Biindo I—II. Von Dr. Leopold van 
Werveke. 8® Stuttgart, 1886. 

Falaeontographiea. B.ind XXXII, liof. I. 4® Stuttgart, 1885. 
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Petermann’s GcograpbiRcbo Mittheilungen. Band XXXI, No. 12, and KXXII, Nos. 1—2< 
4“ Gotha, 1885—1880. 

Petermann’s Oeographische Mittheilungen. Supplement No, 80- 4“ Gotha, 1886. 
Prutessiuuai Papers on Indian Engineering. 3rd series. Yol. III., No. 12. Fisc. Roorkee, 
1885. * ^HOMASOH College of Civil Enqtheebino. 

Quarterly .Journal of Micro.scopical Science. New scries. Vol. XXYI, No. 101. 8“ London, 
1885. 

Zeitschrift fiir Naturwissenschaften. Folge 4. Band lY, heft 4—5. 8“ Ilalle, 1885. 
Zoological Record. Vol. XXI. 8” London, 1885. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


Titles of Books. , Donors. 

Assam. —Report on the administration of tho province of Assam for 1884-86. Fisc. 

. Shillong, 1886. Chief Commis^ioxeb, Assam. 

•B engA l.— Quarterly Bengal Army List for £st January 1886. New series. No. 96. 8“ 
Calcutta, 1886. Qoveenment of India 

„ .Report on the administration of Bengal, 1884-86. Fisc. Calcutta, 1886. 

Govebnment of Bengal. 

Bombay. —Magnetical and meteorological observations made ,at tho Government Observatory, 
Bombay, 1884. 4“ Bombay, 1886. t Bombay Obsebvatoby. 

„ Report on the administration of tho Bombay Presidency for 1884-85. Fisc. 

Bombay, 1885. Bombay Govebnment. 

IIydesabad. —Report on the administration of the Hydeiabad Assigned Districts for 
1884-85. Fisc. Hyderabad, 1885. The Resident, Hy'debabad. 

•India.— Administration report on the Indian State Railways from the commencement to the 
end of 1879-80, and adininistriition report on Railways in India for 
1880-81 to 1884-85. Fisc. Calcutta, Simla, and Roorkee, 1881 to 1885. 

Govebnment of India. 

„ List of olficem in tho Survey Departments corrocted to 1st January 1880. Fisc. 

Calcutta, 1886. Revenue and Agbicultuhal Depabtment. 

„ Meteorological observations recorded at six stations in India in 1886, reduced 
and corrected. September and October. 4° Calcutta, 1885-1886. 

Meteohological Reporteb to Govebnment of India. 

„ Selections from the records of the Government of India, Foreign Department. Nos 
207, 208 and 210. Fisc. Calcutta, 1885. Pobeion Depabtment. 

Madras .—Manual of the administration of the Madras Presidency, in illustration of the 
records of Government and the yearly administration reports. Vol. II. 
Fisc. Madras. 1885. Madbas Government. 

„ -Report on the administration of the Madrds Presidenc}’ during 1884-86. Fisc, 
Madras, 1885. Madras Government. 


TRANSACTIONS, PROCEEDINGS, &p., OF SOCIETIES, SURVEYS, &c. 

Baltimobe.— Amerfcan Journal of Mathematics. Vol. VII, No. 4. 4“ Baltimore, 1886. 

Johns Hopkins University. 

Basel. —Vcrhaudlungen der Nkturforschenden Gesellschaft in Basel. Theil YII, heft .3., 
8” Basel, 1885. TffB Society. 
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UjiiiFAST.—Koport and Proceodintfs of the Belfast Natural History and Philosophical Society 
for 1881-85. 8“ Belfast, 1885. The Society 

BEBlilf.—Sitzungsberichtoder Kiinig. Frenssischei^Ahadcmie der Wisseiiscbaften zu Berlin 
Nos. I—XXXIX. 8° Berlin, IJiSS. The Academy. 

„ Zeitschrift der Deutschcn Ueologis^ieil^csellschaft. Bund XXXVIT, heftS. 8® 
Beilin, 1885. The Society. 

Bombay. —Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XVI, No. 43. 

8® Bombay, 1885. The Society. 

Boston. —Memoirs of the Boston Society of Natural History. Vol. III., No. 11. 4“ Boston. 

1885. The Society. 

„ Proceedings of the Boston Society of Natural History. Vol, XXII., part 4, 
and XXIII, part 1. 8° Boston, 1884-1885. The Society. 

Bbuss^IB.—B ulletin de la Socidte Uoyale Beige de tSdographie, Anndc IX, Nos. 6—6. 8“ 
Bruxelles, 1885. The Society. 

„ Biilletin dn MnsiJe IJoy.al d’ llistoire Naturelle de Belgii^ue. Tome IV, No. 1. 

8® Bruxelles, 1885. • The Mcsedm. 

Bcchabest. —Anuarnlu Biurouliii Gcoligicu. No. 1, 1882-83, No 2, ISSS-Sl, and No. 1, 
1881. 8® Bucharest, 1884-85. Gkobooical Buukad, Buciiabest. 

Budapest. —Tevmeszetraj/.i Filzetek. Vol. IX, Nos. 3--4. 8° Budapest, 1885. 

The Hunqabian National Museum. 
Bueno.s Aiues. —Boletin dc la Academia Nacional do Cioncias en Cordoba. Tomo VllI, 
No. 1. 8“ Buenos Aiiv.s, 1885. The Academy. 

Calcutta. —Calcutta University Calcn(hir, 1880. S'’ Calcutta, 1885. 

II. B. Medlicott. 

„ Journal of the Asiatic Society of Bengal. New .scries. Vol. LI V, part I, Nos. 

3—4. 8° Calcutta, 1885. The Society. 

„ Proceedings of the Asiatic Society of Bengal. Nos. IX—X. 8® Calcutta, 
1886-86. The Society* 

„ Records of the Geological Survey of India. Vol. XIX, part I. 8® Calcutta, 
1880. Geological Subvey op India. 


„ Survey of India Department. Notes for November and December 1886, and 
Janmary 1880. Fisc., C.ilcutta, 1886-1S80. Suevby op India. 

CambbiDGE, Mass. —Annual repprt of the Curator of the Museum of Comparative Zoology 
• for 1884-85. 8° Cambridge, Mass., 1885. The Museum. 

„ Bulletin of the Museum of Comparative Zoology. Vol. XII, No. 2. 8“ 

Cambridge, Mass., 1885. Tub Museum. 

„ Memoirs of the Mi^eutn of Comparative Zoology. Vol. X, Nos. 2 and 

4, and XIV, No. 1, part 1. 4° Cambridge, Mass., 1883. • • 

The Museum. 

Copenhagen.— Mdmolres do I’Academie Royale dc Copeuhague. 6“' sdrie. Vol. Ill, Nos. 

1 and 3. 4® Copenhaguo, 1885. The Academy. 

„ Oversigt over det Kong, d^nske Videnskabernes SeUkabs. No. 2. 8° Co¬ 
penhagen, 1885. The Academy. 

Dbesdsn. —Sitzungsberichto nud Abhandlnngen dcT Naturwissenscbaftlichon Gesellschaft 
Isis in Dresden. Jahrg. 1885. 8® Dresden, 1686. The Society. 

Dublin.— Journal of the Royal Geological Society of Ireland. New series. Vol. VI, part 

3. 8® Dublin, 1886. ^he Society. 
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Dublin.—P nici'cdings of tlie Royal Irish Academy. Series II, Vol. IT, Polite literature and 
antiquities. Nos, 6—6. Series II, Vol. IV, Science, Nos. 1—4. 8" 
Dublin, 1884-83. • Thb Academy- 

n 

„ Royal Irish Academy. Todd Lecture Series, Vol. II, part 1. Irish Lexicograph}'; 
an introductory Iectu4l by Robert Atkinson. 8° Dublin, 1885. 

The Academy. 

„ Transactions of the Hoyal Irish Aciidemj’. Science. Vol. XXVIIl, Nos. 14—^20. 

4° Dublin, 1883—1885. The Academy. 

Edinbuegh. —Scottish Geographical Magazine. Vol. II, Nos. 1 — 2. 8° Edinburgh, 1886. 

■ The Scottish Geoohaphical Society. 

Geneva. —Mdmoires de la Societo de Physique et d’Histoire Naturelle. Tome XXIX, part 
1. 4° Geneve, 1884-85. The Society* 

Habbisdubo. —Reports of i)n)grcsa of the Second Geological Survey of Pcnnsylvani.a. A A 
Atlas, F.,, Kj, P. Vol, III, P^, R_j, R.j, Atlas, T.,, X Atlas, .and Z. 8“ 
. Harrisburg, 1884-1886. Second Gkolooioal Survey of Pennsylvania. 
Leidk. —Anuales de L'Ecole Polytechnique de Delft. Livr. 3 —4. 4° Loide, 1885. 

ficoLE Polytechnique, Delft. 
London. —Catalogue of the Fossil Mammalia in the British Museum, (Natural history). 

Part II. By R. Lydekker. 8" London, 1885. The Museum. 

„ Journal of the Anthropological In.stitnto of Great Britain and Ireland. Vol. 
XV, Nos. 2—3. 8“ London, 1885-1886. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland. New scries* 
Vol. XVllI, part 1. 8® London, 1886. The Society. 

„ Journal of the Society of Arts. Vol. XXXIV, Nos. 1723^1737. 8“ London, 
1883-1886. The Society. 

„ Mincralogical Magazine and Journal of the Mineralogical Society. Vol. VI, 
No. 30. 8° London, 1885. 

„ Proceedings of the Royal Geographical Society. New aeries. Vol. VIT, Nos. 

11—12, and VIII, Nos. 1— 2. 8“ London, 1885-1886. The Society. 

„ . Proceedings of the Royal Society. Vol. XXXIX, No. 239. 8° London, 1886. 

• The Society. 

„ Prooeeding.s of the Zoological Society of Loudon for 1886. Part III. 8* Loudon, 
188.5. The Society. 

„ Quarterly Journal of the Geological Society. Vol. XLI, No, 164. With list of 
Members for 1883. 8“ London, 1885. The Society. 

Madbid. —Buletin de la SociedaJ Geografica de Madric|^ Toino XIX, Nos. 5 —6. 8" Madrid. 

1885. The Society* 

Cl • 

Manchesteb.— Memoirs of the Manchester Literary and Philosophical Society. Srd series. 

Vol. VIII. 8® Loudon, 1884. The Society. 

„ Proceedings of the Manchester Literary and Philosophical Society. Vols. 

XXKI and XXIV. 8® Mancl^ester, 1884-1885. The Society. 

„ Transactions of the Manchester Geological Society. Vol, XVIII, parts 

12— 13. 8® Manchester, 1886. The Society. 

Milano.— Atti della Societa Italiana di Scienze Natural!. Vol. XXVII, fasc. 1—3. 8® 
Miluiio, 1884-1885. The Society. 
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Muntbral. —Geological and Natural History Survey of Canada. Contributions to Canadian 
Paleontology, Vol. I, part 1. By J. P. Whitoavea. 8“ Montreal, 1886, 

• Thk SrsvEY. 

NbwcastlE'OR-Tynb. —Tiansactions of the North of England Institute of Mining and 

Mechanical Engineers. Vol. XXXV, part 1. 8“ Newcastle, 1886. 

Thk Institute. 

Pabis.—B ulletin de la Socidtd de Qdographie. 7"“' s6rie. Tome VI, Nos. 3—4. 8“ Paris. 

1885. The Society. 
„ Compte Rendu des Stances de ]a Socidtd de Gdograpliio. Nos. 19—20 (1885), and 

Nos. 1—5 (1886). 8° Paris, 1885-1886. The Society, 

„ Bulletin de la Soci<^le Gdulogicpie de France. 3““ serie. Tome XIV, No. 1. 8* 
Paris, 1886. The Society, 

Pabis.— Mdraoirea de la Societd Gcologinuo do France. 3"'* sdrie. Tome IV, No. 1. 4" 
Paris, 1885. . The Society. 

Philadelphia.— Journal of the Franklin Institute. 3rd series. Vol. XC, No. 6, and 
, XCl, Nos. 1-2. 8“ Philjidelphia, 1885—1886. The Institute. 

„ Proceedings of tlie Ameri«iiu Philosophical Society. Vol. XXII, No. 120. 

8“ Philiululpliia, 18S5. The Society. 

Pisa. —Atti della Societa Toseana di Scien/.e Natural!. Process! Verhali. Vol. V, pp. 1—40. 

8° Pisa, 1885. The Society. 

Shanghai. —Journal of the Cliina Branch of the Royal Asiatic Society. New series, Vol. XX, 

N(). 4. 8° Shangfiai, 1885. The Society. 

> 

SlNGAPOBE. —Journal of the Straits Braj di of the Royal Asiatic Society. No. 15. 8“ Singa¬ 
pore, 1885. The Society. 

„ Straiti^ Branctw of theRo 3 al Asiatic Society. Notes and tineries. No. 2. 

8“ Singapore, 1885. The Society. 

Tokio. —Memoirs of the Science Department, University of Tokio. No. 6, 8° Tokio, 1881. 

Revenue and Agricultukal Department. 
,, Transactions of the Seisinulogical Society of J.apan. Voks, Ill and VIII. 8* Tokio, 
1881 and 1885. R. D. Oldham. 

Venice. —Atti del Reale Istiluto Venetodi Scienze. Lettci’O edArti. Serie 6. Tomo VIII, 
No. 7, and Serie 6, Tomo I, No. 4. 8“ Venezia, 1881—1883. 

• The Institute. 

„ Memoric del Real Tstituto Veneto di Scienze, Lettore ed Arti. Vol. XXI, part. 3. 
• 4“ Venezia, 1882. The Institute. 

Vienna.— Annalen dcs K. K. Naturhistorischen Hofmusoums. Band I, No 1. 8“ Wien, 

1886. The Museum. 

„ .Jahrbuch der K. K. Geologischen Reichsanstalt. Band XXXV, heft 4. 8“ Wien, 

1885. Td® Institute. 

„ Verbandlungen der K. K. Geologischen Reichsanstalt. Nos. 14—18 (1885) and 
No. 1 (1886.) 8° Wien, 1886—1886. The Institute, 

WASHiNaTON.—Annual report of the Board of Regents of the Smithsonian Institution for 
1883. 8“ Washington, 1886. * * The Institution. 

„ Fourth annual report of the U. S. Geological Survey, 1882-83. 8” Wash-, 

ington, 1884. U. S. Geological Subvey. 

„ Memoirs of the National Academy of Sciences. Vol. Ill, part. 1. 4“ Wash¬ 
ington, 1885. The Academy. 
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Washingtou.— Proceedings of the National Academy of Sciences. Vol. T, part. 2. 8® 
Washington, 1884. Thb Acadkmy. 

„ Report of the National Acadamy of Sciences for 1883 and 1884. 8° Wash¬ 
ington, 1884—1885. T/rB Academy. 

Yokohama. —Transactions of the Asiatic Society of Japan. Vol. XITI, part. 2. 8° Yoko¬ 
hama, 1885. The Society. 


MAPS. 

Harta geologies generala a Romanioi lucrnta de luemhni Biuroulin Geologic .suh directinnea 
domiiului Gr. Stofuucscu. Bucharest. Gbol. Bureau, Buchakkst. 

Dated April 16th, 1886, 


Goverameut of India Ccniral Printlii(r Office.—iJo. 38 S. G. S.— 20 - 4 - 86 .—720. 
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THE GEOLOGICAL SURVEY OF INDIA, 


Part 3.] 1886. [August. 
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Geological Sketch 0 / the Vizagapatam District, Madras; hy Wiluam Kino, B.Am 
D.S c., Superintendent, Geological Survey of India. 

JIntboouctohy. 

Tho regular operations of the Survey 'have not yet been carried further north 
along tho east coast than the southern limits of tho Vizagapatam district; but, 
while on deputation last September with a view to ascertaining the possibility of 
artesian boring in Viiianagrum, I bad an opportunity, through the facilities 
BO graciously afforded me by His Highness the Maharajah of Vizianagrum and by 
the Rajah of Bobbili, of examining good deal of the central and northern por¬ 
tions of the country, the results of which are now given as a preliminary and 
tentative sketch.^ 

Artesian exploration. —^Tho endeavour to obtain water by an artesian well had 
indeed been already made, in 1884, to the extent of boring into the ciystalline rocks 
to a depth of 350 feet: the visible result being a well of exceedingly small dia¬ 
meter (6 inches at the most), holding water at some 30 feet below the sur¬ 
face of the grqpnd. The story is simple and suggestive. The papers relating to 
artesian wells, already contributed to these Records by the Director of the Geo¬ 
logical Survey, show the conditions under which subterranean waters having a 
tendency to rise over the ground surface may be expected to exist; the most pro¬ 
mising in India being those of porous strata occurring in extensive allu;rial tracts 
having an increasing landward rise and supposable reception of water at tho 
higher level. A nolahlb exemplification is that of the alluvial deposits of Pondi¬ 
cherry which were tapped successfully some seven years ago: and as a conse¬ 
quence, ever since that time, hopeful looks have been cast at coastal and even 
inland alluvial plains. There is, however, no alluvial tract worthy of the 
at Vizianagrum. Hard gneiss occurs in the immediate neighbourhood 

1 Bfy examination of Vizagapatam itself was also most obligingly faeilitatrd by Rajah G. N. ] 
Gajnpati Bow, whose kindnesses 1 had olready experienced many years before in Madrasi 

A 
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of the town which is also environed bj stretches of rising rocky ground or 
hillocks and even hills of considerable height of the same class of rock; so that, 
on the face of it, no rising water conld be expected. A mistaken idea has 
also arisen that the more presencebf hilly ground near or at a distance holds out 
a prospect of subterranean waters having a head, on which account the Elephant 
Hill or Chota Himalaya close at hand, or the lofty Galikonda range 30 miles to 
the west, used to be brought into the argument without any consideration of the 
fissured or jointed condition, or discontinuous stratification of the crystalline 
rocks forming them. However, the exigencies of the town as regards water-supply 
are such, that an artesian well was thought of as the possibly most convenient and 
even economical way of meeting them. In duo time, two Canadian oil>well pros* 
pectors turned up, who, after a little concession to the Brahmin augurs, fixed 
upon a site on the fort glacis, and in time pierced several kinds of highly quartsose 
gneiss with the result mentioned above. A convenient force pump, called an 
American Artesian Pump, for raising water at any rate, was also judiciously pro* 
vided; and ns water did not rise, this was brought into play. Concerning its 
act’on the following extract from the Canadian Engineer’s report is significant;— 
“ Based on a long experience of these pumps, I should say that the stream 
pumped would yield about 4,000 to 5,000 gallons per diem. The yield would 
have been increased by running the pumps faster.” Mr. T. D. Harris, the 
Executive Engineer of Vizagapatam, was subsequently deputed to examine the 
works and from his report it is only necessary here to quote as follows :—“ All then 
being in order, the pump was started at \ past 4 o’clock and worked to a ^ 
past 6 o’clock, exactly an hour; during this period there was no hitch or stoppage 
whatever, but the quantity of water pumped was at the rate of only | a cubic foot 
per minute, or 30 cubic feet per hour, when the well was pumped perfectly dry. 
The water was sweet and wonderfully discoloured, and particularly the last stuff 
brought up being a dark bluish mud. The pump 1 may state was put down to a 
depth of 344 feet or nearly the bottom of the boring; thus it will be seen that 
pumping by steam oxen or coolie labour is absolutely out of the question, there 
being no water to pump.” 

At first sight, the general question of the artesian capabilities of the district 
does not appear so absolutely hopeless as this particular one of Vizianagmm; for 
an examination of the Atlas Sheet No. 108, which displays most of the country, 
gives the impression that the extensive tract to the north of the Viaianagrum 
hills is more or less of a great plain largely made up of alluvial tracts belonging 
to the Chicacole river system, and to a smaller extent of the Konadah river 
drainage. , Even on the ground itself, and to a:tr experienced man .well acquainted 
with the district, the appearance is as of a wide sea of alluvium, out of which the 
ridges and hill masses rise like so many islands. In reality, however, the low 
country is rather rugged and rocky, somewhat smoothed down by a thin covering 
of debris; while there are only very narrow belts of alluvium bordering the 
ri^rs. These fiatter tracts too are not only very narrow; they are also shallow 
and crossed at intervals in the bends of the rivers by barriers of rook; and thus, 
although they have considerable inland length and rise, any porous and water* 
holding strata occurring in them must frequently be broken in continuity. It is 
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indeed a peculiarity of the Vizagapatam low country, as compared with tho 
east coast plains of the Madras Presidency to the southward, that it should 
so singularly devoid of wide and extensive landward-tailing alluvial stretches. 

Gsoloqioas. 

Phytiml features ,—The district is an essentially picturesque one, and in phy. ■ 
sical aspect it difEers a good deal from nearly all the southern portion of the east 
coast. Up to this parallel, the Coromandel is distinguishable as a broad belt of 
low land or plain edging the sea, having distant hills and, in the more northern 
portion, a decided mountain barrier broken only once by the broad valley of the 
EZistna, as the western back-ground. The hilly barrier bearing the general name 
of the Eastern Gh&ts is, towards Vizagapatam, supplemented by a series of paral¬ 
lel N.E.-S.W. ridges which approach nearer and nearer to the coast; or by outly¬ 
ing ridges and hill groups which at last in tho neighbourhood of the town itself 
assume a more eastward trend running straight at the sea by the group ending 
in the Dolphin’s Nose on the south side or by the much larger whale-back mass 
of Kallassa to tho north.^ The latter radge is continued by its strata in yet more 
northerly lines along the coast by Bimlipatam, and finally, about the parallel of 
Konadah, turns inland again into connection with the Elephant Hill*or Chota. 
Himalaya group between which and tho Vizagapatam hills lies tho proper plain 
of V^izianagrum largely broken up by further systems of ridges, isolated hills, or 
low reefy hillocks, all running or lying in straight or curved lines having a more 
or less N.E.-S.W. direction. Northward of tho Vizianagrum hills again lies the 
much more extensive and open country drained by the Chicacole river, still 
streaked however by*scattered hills. At the same time, the distinctive featnre 
of the western main barrier still remains, some 40 miles inland, speciallized by 
tho Galikonda range with its blunt cusps rising up to heights of from 4,000 to 
over 5,000 feet; the whole forming the highest portion of the step or ghat 
leading to the wide uplands of the Jeyporo and Bastar territories. 

The western hill tract is however as yet little known or appreciated either for 
its scenery or its climate. The structure and beauty of the district are, in fact, 
best known in tho neighbourhood of the three principal towns, or more specially 
on the coast where indeed it is not to be wondered at that admiration has always 
been excited. }. suppose no cheering and, to a certain extent, somewhat Euro¬ 
pean prospect could bless the eyes of men wearied with the monotonous and ap¬ 
parently endless streak of low sandy tract with fringing palmyra palms, or pan- 
danus clumps, or the later introduced casuarina plantations, of all the eastern shore 
from Point Calamere to tho Northern Circars, than that of Vizagapatam with its 
headland and the other hilly surroundings. It is here too that, for the first time, 
European residents can have their bungalows planted, as at Waltair (Ulteru), on 
a partially tree-grown rocky ridge whence they can look out over the sea, or watch 
it tumbling in at the foot of the great headland, from a vantage ground run¬ 
ning up to 239 feet over sea-level; or can point to such a pretty indentation as 
Lawson’s Bay and its picturesque environment of hills. In dull and stormy 

* Tbe namo Kulassa was I bolievs given to this hill by Mr. E. C. 0, Thomas, late M. C. S.; 
it is a part of the Sri Simbashalam temple range. 
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-weather the Vizagapatam coast might be a bit of English sca>bord: at other times 
with all the gloriovis colouring of the evening or the morning it might vie with part 
of the Riviera; the once Untch town of Bimlipatam with its bright and vari-colonred 
fort and houses nestling among garden trees at the foot and up the lower slopes 
of a big flat-topped hill whose deep-Ved face is scored with brown purple streaks 
of rocky outcrop, even lending colour to such a passing dream of the Italian coast. 

Formations .—WJien the rocks of a district are so agreeably brought before the 
eye as is tho case liere, it is only natural that interest in and some knowledge of 
them should have been aroused and attained long ago; and as it happens more 
easily so from the fact that tho formations are few and well-marked. The only 
original work however referring to the geology of the district is that of Dr. Benza, 
who in 1836 accompanied the then Governor of Madras on a tour through the 
Northern Circars, and whose diary was subsequently published in the Madius 
Journal of Literature and Science.^ Extracts from this diary, and some later 
information, are also to be found in Mr. Carmichael’s admirable Manual of 
the Vizagapa^m district. 

I'he almost universal prevalence of ci^stalline rocks was indeed to be infeired 
from Dr. Benza’s interesting notes and from what had been learned afterwards in 
the survejf of the Godavery district® where the garnetiferous gneisses of Bezvada 
constitute nearly tho whole of the hill ranges there as they are striking duo 
north-eastward into tho Northern Circars. was hardly to be expected on. 
tho other hand that the Gondwana rocks of Ellorc, &c., or the overlying crotaceo- 
eoceno traps and associated fossiliferous beds, with the succeeding sandstone and 
laterite of the Rajahmundry neighbourhood. Trending as they do gradually to¬ 
wards the sea-coast, wheTO one at least of them ends in tho low ridge of Inua- 
parazpulliam, could occur again to the northward beyond the seaward headlands 
of gneiss in Vizagapatam. Such in fact is the case, and, save these crystalline 
rocks, there are only such other deposits as are of recent or post-pliocene age, 
and even of these only very iew. Dr. Benza considered indeed that the coastal 
laterite occurs as a capping to the Bimlipatam hill; but such a particular 
development is not borne out by the facts of the case, the latei-itoid character 
of poi-tious of tho summits of that hill being in reality a result of change or altei-a- 
tion of the weathered or decomposed parts of tho garnetiferous gneiss followed 
by ferruginous infiltration, or, w’hat may be called for want of ^ better term, 
lateritization. Dr. Benza was no doubt misled by appearances; for the hill 
is on certain views flat-topped, as by a capping of some other rock than that of 
the body of the hill, though not with the scarped edges implied in his descriptions ; 
and then there was all the tendency to seize on sucth^n exposure of lateritoid rock as 
being only a further occurrence of a formation which is so stronglj developed along 
the greater part of the eastern coast. The facts of the case are that there is no 
capping on the hill, neither is it flat-topped for any breadth or length; on the 
contrary, it is rathor rugged with the outcropping edges of loearly vertical strata of 
quartzose and gai-netifei-ous gneiss striking nearly east and west; while certain more 
easily weathered beds have on their exposed faces put on the semblance of laterite. 
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It may be that isolated occarrences of the Madras coastal laterite exisl^ or that 
even a very different form of deposit, shortly to be dosoribed, may be representative 
of it; but snch other lateritoid rock as I did see is similar to what has been 
described, or is the result of another very ocftnmon agent, namely, ferruginous 
wash by which all sorts of debris may be cemented into a mol's or less hard con¬ 
glomerate or breccia. 

Recent and Posf^Pliocene Deposits. —Under tiiis head come blown sands, newer 
alluvium, lateritio wash, surface soils or other surface accumulations of rook 
debris, and some peculiar rod sands, most of which, with the exception of the 
alluvium, in so far as it boro on the particular object of my visit, came but 
slightly under my notice. The blown sands arc only very local in their accu¬ 
mulation occurring for the most part as a very narrow thin belt, or as occasional 
strong drifts blown inland for some distance up the valleys between the coastal 
ranges of hills, or even up the slopes of some of those i^ngos themselves. A 
very noticeable and big drift occurs between Vizagapatam and Waltair, which 
commencing as a slight shore edging of dunes at the outflow of the Hanavan- 
tumaka stream at tlie northern end of*the Waltair ridge, keeps gradually but 
slowly increasing in width down to Scandal Point when it suddenly’ spreads 
westward up the little ravine of the Club-house luila and so well up along 
the southern flank of Rock Hill, completely filling up the wide hollow between 
this and the next hill to the setuth at Vizagapatam and ultimately plunging 
down the western slopes to the edge of the back-water. At the same time, 
the shore lino of sand heaps is wntiuuod on to the end of the rocky spit on 
which the native town and fort aro built. Local opinion is divided as to where 
this great drift came from, a sti’ong idea holding ground that it must in some 
inconceivable way have drifted from the lagoon side; there can be no doubt 
however of its having been blown inland from the sea-shore by the strong north¬ 
east winds, the effect of which was deadened by tho heavier rains, while a good 
deal of the sand is drifted back by the drier winds from tho west and south-west. 
The seemingly overwhelming aspect of this great tumbling sheet coming in over 
tho saddle between the two lulls, is very striking from the low lagoon level. It 
is curious too to reflect how this apparently fortuitously stayed sand drift is 
after all perhaps the very saving of the town in one respect, namely, as regards 
much of its sj^pply of fresh-water; for all the shore wells, of which there are 
many, and some of those on the back-water side, are dependant on the moisture 
absorbed by it. 

Waltair Bed Sands .—Considerable local interest has been long centered in 
a remarkable and puzzling bright-red sandy deposit occurring over nqpst of the 
northern half of the Waltair rocky ridge. The deposit itself is an even-textured, 
rather flne-grained, tolerably well compacted or coherent but still soft, slightly 
clayey sand; or rather a thick accumulation of fine white quartz sand, having 
a very slight admixture of black iron i^rains, held together by a thin matrix or 
medium of dark-red ferruginous clay. 11 shows no lamination ; so that at -first 
sight it struck me as possibly an old blown-san^ compacted by ferruginous infil¬ 
tration, a view which was however effectually di.spolled by my finding a thin skin 
of pebbly debris forming its base in the few places where its junction with the 
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rookj floor is seen. It has been likened, and notwitbont reason, to the material 
of the ant-bills so common over all red sand tracts. The physical aspect of the 
deposit is also noticeable; for it spreads out from the northern flanks of the 
rugged Bock Hill as a broad high!"down the seaward slope of which is abruptly 
denuded and deeply scored by a set of short and steep-sided gullies giying passage 
to the many strong water-courses of the upland prior to their short run across, 
or absorption by, the shore bolt of blown-sand. This high-lying rod-sand tract 
is also separated entirely from the Knilassa hills to the north by the valloys of 
the Hanavantnmaka stream, and the backwater drainage on the western side. 

The base and slopes for a considerable height, 100 feet or so, of the Bimlipa- 
tam hill are also plastered over as it were by a similar deposit, the inner shore for 
some distance to the sonth of the hill being strongly covered and marked by it. 
Other patches shew at intervals, but not so prominently, further northward 
towards the Ghicacole river. 

I suppose the features which strike most people are the brilliant red colour as 
contrasted with the dark rock forming the core of the ridge and the great pale 
coloured sheet of blown-sand ; the snddeiily developed and deeply cut little gullies • 
and above all the isolation from any apparent source for the deposit by. denuda¬ 
tion of loftier ground, for by no conception could the material have been derived 
from the wearing down of Bock Hill for instance. 

It is just this isolation and prominence of display which have, I think, had 
considerable influence in distracting attention from the veiy common and prevalent 
occurrence of a similar deposit not only elsewhere in the district, but over the 
greater part of the eastern low-country of Souft India: it is only necessary to go 
some 4 miles along the road to Yizianagrum to find red sands with similar features 
of denudation very well displayed beyond the village of Nellur, a short distance off 
the road on the left-hand side; and many rthor tracts of a like kind may be met 
with further inland, even right up to the base of the Oalikonda lange SO 
miles west of Vizianagrum. Indeed, were the Vizagapatam district lowered a 
hundred feet or so, one might picture the sea baying in among all the beauti¬ 
ful hills and ridges and lapping alongside of many a red-sand tract at their 
feet similar nearly in every way to that of Waltair. Only, the proviso must 
be here made, that it was not necessarily lowering of the land, but rather eleva¬ 
tion which helped to give its isolated character to the Waltair tract. 

In other words, I would say that this tract and the others on the same coast 
are but remnants of the red-sand and gravelly deposits formation so prevalent all 
over the coastal plains of Southern India, particularly round the hilly regions 
in the Trichinopoly, Salem, and South Arcot Districts; or in the neighbourhood 
of the quartzite hills to the north-west of Madras ^belf; or in the Cuddapah and 
Kumool districts; or, again, over much of the Godavari district and up the Goda¬ 
vari river valley, and which, in so far as they have yielded numerous palaeolithio 
stone implements^ belong presumably to the older or post-pliocene alluviums. 

Here, in Waltair, it is merely a sand^ deposit, at least none of the underly¬ 
ing or associated graveb, so common in other tracts, are visible; but there can be 
little doubt that it is of the same kind and age as the deposits indicated whether 
it was laid down as a great sand bank partly in fresh water, or in the sea 
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whicii once stretched over a considerable portion of what is now the Visagftpa* 
tam loW'Countty. The colour is more intense certainly than I have ever seen 
among the inland tracts, but that may be due in part to contrast with the asso. 
oiated colours of sea, sky, rock, sand, and vegeitation which themselves are usually 
intense. Proximity to marine atmospheric'influences may also have had some 
effect. The curious denudation is on the other hand quite a common feature in 
the inland tracts where there is nearly always a broad plain, or gently sloping and 
broad terrace across which shallow nalas pursue a devious course much like those 
on the smaller scale at Waltair; the outer edge being nearly always abruptly 
denuded into sharp steps and liibtlo cliffs broken by the numerous gullies and 
rifts leading off the gathered streams of the upper levels. 

The Waltair tract is however unique in its isolation, and in the feet of the 
sands being piled up or spread out over so high a part of the ridge; the two rocky 
hills already described having no very decided elevation over it. I can only ven¬ 
ture to suggest that this isolation is either the result of considerable denudation 
of a great bajfik which formerly extended northwards across the Hauavantumaka 
stream and on to the Bimlipatam hili; or preferably that localized sand banks 
were piled or collected around the then sunken hills, in postpliocene times. 
The subsequent elevation of land involved in this view is considerable, at least 200 
feet; but that is only in accordance w’ith the evidence afforded at many other 
places in the Madras low country: notably by the groat shingle banks far inland 
on the right bank of the Penner river in the Nellore district, or the much 
huger and thicker ones gathered round the foot of the Nagaloparam hills north¬ 
west of Madras.^ ^ 

Crystalline or Ajrchcean Rocks .—During the survey of the Kistna and Godavari 
districts in former years, 1 had found that a presumably newer and more 
decidedly bedded form of gneiss tq that usually met with in the Madras Presi¬ 
dency began to show in tho neighbourhood of Bezvada, forming the group of 
hills there narrowing tho passage of the Kistna to its proper delta. These 
Bezvada gneisses,^ as I then called the subdivision embracing the many varieties 
of essentially garnetiferous and schistose rocks, are continued all along the 
eastern faces of tho hilly portions of the Godavari district into that of 

Vizagapatam in a generally north-eastward direction; gradually widening out 

« 

* While o» the subject of change of land level, it may be itg well to notice a prevalent idea 
that depreeaion is now going on, or at least has taken place within the memoiy of man. It is 
generally believed, for instance, that a cave at the base of the Dolphin’s Nose headbnd was 
once approachable by a path now covered at all tides by tho soaj and the Revd. Dr. Hay of the 
liondon Mission was said to have actually made the joarney to tho cave in his younger days. 
On writing to my very esteemed friend, ho replied; “ When I came here 46 years ago, old 
men told me that when they were boys they could walk round the Dolphin’s Nose. I ba^ no 
other evidence of the fact; bat at the time I refer fo, the sea was rapidly encroaching on 
the land and had reached the European lines on the south side of tho battery. It was then that 
Capt^n, now Sir, Arthur Cotton threw down those groynes, some six or eight of them. Between them 
the sand was raised again in a very short time and now there is a good gravelled road all alotut 
the beach which the tide never tonebes. An immense rthcnmnlntion of sand was also Rnfltcd t m - 
ward from the entrance towards the Custom Honse^ exposing old wells, Ac.” 

> Memoirs Geol. Sur. of India, Vol. XVI, Part 8, p, 18. 
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on either side, but always nearing the coast, nntil not far beyond the northern 
limit of the former district they form some picturesque hills on the sea-shore and 
henceforward become the prevalent rock of the conntiy from the coast to well 
beyond the edge of the western hilla or mountains of the Goluconda (or Golkonda), 
and GaUkonda ranges bordering on the State of Jeypore. Perhaps, under this 
greater, or rather universal prodominan6e of such rocks in this district, the term 
Yizagapatam gneisses might be more appropriate than the one I had originally 
adopted; bnl^ at best, the selection of terms as yet is a mere matter of con¬ 
venience, while gneiss is about as descriptive.a designation as can 

be applied. At the same time, the occasion has not yet arrived, nor indeed 
have the rocks been closely enough examined or studied, for the placing them 
with any definiteness as a group or subdivision in the crystalline series; though 
it may be said that they lie in such a manner with regard to the other gi.oissea 
to the north and westward, and pi-esont such features of constitution and lesser 
amount of altemtion or metomorphism that they may well be considered as 
one of its newer subdivisions. 

The presence of common brown or purple-brown iron garnets (mostly weather¬ 
ed or more or less decomposed into rusty brown masses) in greater or less abun¬ 
dance—rarely absent altogether—is the striking accidental characteristic of the 
many varieties of gneiss. A farther characteristic is that the felspar is very often 
that variety or species called Murchisonite, a pecpliar brilliantly glistening (when 
in good sized-masscs) bronze red, flesh-coloured, or even white mineral most easily 
cleaved in two directions sometimes with carved faces; but whether in large masses 
or distributed in a coarsely crystalline granulai^ay through the rock, helping 
greatly towards its reddish or purple brown colour. The diSe^^snt kinds of gneiss 
which mAy be picked up sometimes within a small area are numerous, but the 
more prominent of these may bo reduced to so,pie three or four which it will be 
convenient to designate temporarily; while any attempt which is here made 
regarding their relation to one another must bo considered as very tentative 
indeed and liable to re-adjustment or even entire reversal in the detailed sur¬ 
veys to be made hereafter, 

Kailassa gneiss .—The commonest and most prominently exposed form is a 
generally dark purple-coloured (weathering brown or red) massive but strongly 
foliated or rather laminated rock of white or grey quartz and reddish or pale 
coloured felspar with some mica, largely charged or scattered thronk;h with iron 
garnets of all sizes, either singly or in masses or in amorphous laminae which are 
often well sustained. The garaets are sometimes fairly crystalline in form. 
The more quartzose varieties often weather into what looks like a coarsely 
laminated Xerruginous sandstone spotted and blotched with lusted garnets, or 
with strong laminae of those decomposed stones. Such gneisses mainly consti¬ 
tute all the larger ridges and g^ups of hills; such as the great Kailassa mas¬ 
sif north of Vizagapatam, or the Dolphin’s Nose range to the south, or the 
huge and lofty (neaBy 2,000 feet) range ofi the Chota Himalaya or Elephant Hill 
to the north of yizia.nagi'am. „ 

Vizianagrum gneiss ,—A second well-marked but not nearly so common or 
well-exposed form is that on which the town and cantonment of Vizianagprum 
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are built. It occurs as a broad east and west band coming in from the westwaatd 
plains, and immediately east of the town curves round northwards past the PhuU' 
bagh reassuming a western course under the southern flanks of the Elephant hill. 
It thus underlies the Kailassa gneiss of themppcr part of that hill the beds of 
which are dipping to the northward at 30* to 50*; though a narrow baiid of 
the next variety to be described comes in* between the two. It is a generally very 
massive grey or bufF-grey (weathering nearly black or dark>brown) quartzo* 
felspathic gneiss, only very slightlyi foliated; not at all unlike some of the hard 
massive gneisses of Southern India, and presenting much the same smooth-, 
haunched hills the rounded contours of which are occasionally broken by groups 
of loose disjointed subcuboidal and tabular blocks, or by occasional tor-like masses. 
Several small but conspicuous hills of this kind lie to the westward and north¬ 
westward of the cantonment. A tract of lower and more rugged knoUed out¬ 
crops of a coarser and rather granitoid variety of the same rock lies to the east 
and north of Vizianagrum itself. The strike is, as already stated, about E.— 
W. for the cantonment and town range, the dip being high to southwaid or even 
vertical: and it was in such high dipping and hard rocks that the attempt at an 
artesian well was made. Occasional bands of more felspathic constitution or even 
seams of almost pure white murchisonite are associated with this variety of gneiss. 

Quartzose Gneiss .—It is unfortunate, as far as uniformity of nomenclature is 
concerned, that I cannot give §, local name to this variety; but this is hardly 
worth consideration where the rock is so easily recognizable by its constitution and 
by the manner in which it streaks the surface of the country with its conspicuous 
white reefs and ridges, particularly in the open country between the Kailassa and 
Elephant ranges, or again in the wide tracts to the north-west in the direction 
of the Bobbin territory. The most conspicuous outcrop is a long low mound¬ 
like hill a couple of miles to the nonth-west of Vizianagrum. The white colour of 
this variety is remarkable, and this with the manifest ridgy outcrops has of 
course lent considerable wreight to the idea that the rock is really a vein 
rock, and that the presumed quartz-reefs of Vizianagrum must of necessity 
be auriferous. That the development is not one of quartz-veins, though there 
has no doubt been considerable local infiltration of silica at certain points along¬ 
side and through the beds of quartz-rock themselves, is a fact beyond all 
question. The rock, howevei* white coloured and amorphous it may be at places, 
is when followed for any distance soon found to be distinctly bedded, laminated, 
and sometimes granular even to the extent of being manifestly a highly 
altered sandstone. One only has to examine the outcrop of the upper >m ind 
along the southern base of the Chota Himalaya, eastwards from the point where 
the ghat crosses it. Here there has been tremendous crush; and the rock in its 
conditions of amorphousness jointing and cleavage is scarcely diat.ingniabf iT> |g 
from a vein quartz, while it is rather twisted out of strike and is nearly vertical. 
To the eastward, however, the normal northward dip is sooq resumed, and the 
change to a well bedded and laminar disposition is quite plain within a range 
of half a mile, even with two or three further ihtervals of violent crush. 

As a rule, however, the rock is more a quartz-sohist than a quartzite, that is, it 

' See Also Dr. Benza's account; previoos reference^ p. S9. 
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is seldom finely granular or compact, more generally coarsely crystalline granular 
and somewhat open textured consisting almost entirely of ruggedly ctystalline 
particles or masses of white or generally yellow and ferruginously stained quartz 
confusedly massed together; hut in well defined beds of all thicknesses. There is a 
certain admixture of white or pink feL^par filling up the interstices which on weather* 
ed Burfai^es are hollow and give the rock' the ixiugh open textuie it often presents. 
In some of the very coai’se varieties, the irregular masses of quartz are half an inch 
across; and, on joint surfaces, these show in certain lights a sort of adamantine 
lustre, rather unuHual in this mineral. Some of the beds are micaceous and 
schistose, as in the outcrops 5 or 6 miles N.N.W. of Bimlipatam : while there 
are also associated beds and scams of more or less felspathic constitution. 

Such are the principal and most mai’ked varieties of the Yizagapatam 
gneisses: at least these are they which would force themselves by their occur¬ 
rence in prominent outcrops on the notice of the observer in a series of rapid 
traverses like those on which this sketch is constructed. At the same time, there 
must be many other varieties hidden beneath the superficial covering of the 
plains which can only be ascertained by close work. One of them, appearing 
perhaps more frequently than others, especially between Bobbili and Parvati- 
pur, is an extremely coarse and sometimes ropy-looking rock consisting of 
thick (I*' to 1") but exceedingly irregular and broken twisted laminae of quartz 
(with garnets), felspar, and mica (crowded T/\?ith garnets). JMica occurs with 
the other laminae too: so that generally the rock might bo called an extremely 
coarse micaceous gneiss. The laminae are seldom steady in the direction of the 
dip, that is, they are broken by corrugations, though more so on the strike. As a 
consequence, on ci’oss fractures the aspect is given of a v,ery coarse granite, 
porpbyritic with big masses of quartz or felspar. Most of the milestones along 
the Parvatipur high road, beyond Bobbili, are of this stone, and look very like 
blocks of coarse porphyry. 

Gneisses of the Galikonda hill tract .—An opportunity, under the guidance of 
Mr.H. G. Turner, C.S., the Collector and Agent of the district, was afforded me 
of visiting this region and of thus making a traverse as far as the verge of tho 
Jeypore territory, over a considerable thickness of gneisses which by their lie 
appear to be subjacent to or older than any of the bands or subdivisions already 
described. They are, at any rate, all dipping to' the east-iouth-eastward: at 
first on the skirts of tho hills about Bodara and thence westwards to the first 
ascent (1,000 feet) below Raiavalsa, at high angles; and then at lower and 
lower inclinations until, in Dovadimanda (over 5,000 feet) the highest station of 
the Galikonda ridge, they are lying so low as 30°. The rocks are still garnetiferona 
but not nearly to such an extent as is the case with those already described • 
while they are more decidedly qnartzo-felspathic in their constitution and not so 
schistose though still well-bedded and laminated, and their colours are of cor¬ 
respondingly lightep shades. They must, for t he present, be considered as be¬ 
longing to the Yizagapatam series being still on the whole markedly different from 
the more massive and less foliated and older-Iooking gneisses of Southern India, 
The main ridge beds, however, run up at the low angle of dip given above, and 
give a steep and high craggy face looking out over the lower upland of Jeypore 
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to the wests thus exhibiting a break in the surface contour which may arise from 
» change in the character and even the relative age of the crystallines to the 
westward. Galikonda is the proposed hill resort of Yizianagrum, but as yet it 
has only received very slight attention in sthat way, partly from its distance, 
some 46 miles we8twai*d, and from want 6f convenient accessibility. The old 
Raiavalsa track in ihe direction of Jeypore passes over a lofty (over 4,200 feet) 
saddle a short distance north of the highest p *’nt of the Galikonda ridge, after 
which it descends again rather rapidly to a lower upland: this is now being made 
by slow degrees fit for cart traffic. Long ago, some enterprising official built a 
bungalow and planted a garden of various fruit-trees high up on the eastern 
slopes, but the garden only now remains the living and luxuriant result of that 
experiment. At a much lower elevation, about 3,000 feet and about half-way up 
the ghat, an experimental plantation for coffee, tea, cinchona, and other products 
has been started under the local Government, with I think fair prospects of 

BUCCOSS. 

Oryatalline Limestone Bands.—A very interesting occnrrence in the gneisses 
of the hill tract is a series of apparent/^ isolated outcrops of crystalline limestone 
which, irrespective of the industrial value they may come to possess, are pierced 
by swallow holes or caverns one of which is of considerable extent^d magni¬ 
ficence. The southernmost qptcrop within the lange of our traverse is on the low 
saddle alwve the village of Nilgalgnnta, 6 miles south-east of Devadimanda hilL 
There is a small cave here, lined with travertine but without any stalactites or 
stalagmites: other recesses are said to exist which are now blocked up. The 
limestone is of grey and dark-green or nearly black colours, the latter arising 
from a strong adnjixture of homblondic minerals, generally coarsely saccharine, 
in thick beds having a high dip to JiS.S.E., with an exposed aggregate thickness 
of about 30 yards. Some 6 mile^ to the N.N.K., a short distance beyond the 
village of Borra, a much more important outcrop forms a low hill through which 
the village stream passes by a series of swallow holes to the Peddagunda river. 
Formerly the subten-anoan channel was free, but within the last few years it 
became choked up; and, as a consequence, a small lake or tarn has been formed 
behind the southern end or headland of the limestone hill, the flooded waters 
of which have in time cut'a temporary off-flow on its western side. Half way 
over the hill, going northwards, there is an opening to a cavernous shaft 
down whiolf one can look into dim depths and from which issues the murmur 
of running water. A short distance further on, the path reaches the edge of 
the northern face of the hill where it overhangs a deep ravine in which the 
village stream again comes to light about 300 feet below. The hill thus 
traversed by a series of swallow holes is made up, as far as outcrop shows, 
of about 500 feet in thickness of generally massive and pale-coloured granular 
crystalline limestone, some beds of which in their fineness of texture and pure 
colour compare favourably with Garara marble; though, as a rule, the rook is 
more coarsely crystallized and of grey or dirty white colourS, weathering dark or 
nearly black. The dip is high 50'^ or 60^, or even more, to the eastward with a 
N.N.E.—S.S.W. strike. As far as I could see, the band is lenticular, thinning 
out rather suddenly to the southward. 
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Borra Oave.~About 50 feet below the northern brow, a large hut low 
entrance leads into a deep and lofty cavern having a rude dome-like roof 
opening to the sky above by the orifice already mentioned. Here, in fact, is 
a hnge natural cave temple, bearing a rugged resemblance to the Pantheon 
at Borne, though, as yet, it contains only one god, Priapus,^ represented by a frag, 
ment of stalactite. The roof is crossed or irregularly ribbed with thick short 
curtain-like masses of stalactitic deposit, only one or two of which, towards the 
sides of the cavern, are connected with the thickly grouped and large mammilated 
mounds of stalagmite forming the floor. The latter slopes rapidly down on the 
eastern side to a narrow cleft or rift along which the waters fi*om the stream 
above pursue their still hidden course; this rift being generally in a plane of 
bedding. Purther cavernous recesses are seen to occur upwards towards the 
dammed-up tarn, while on the other side, the existence of yet lower caverns is 
evidenced by gleams of light pouring in from the deep ravine in front to the depths 
of the side rift. We were only able to note the features of this great cave in a 
very rapid way. The single stalactite (G feet long, and 4 to 8 inches in diameter)' 
has been appropriated for the devotional service noted above, the cave being the 
resort at certain seasons of many pilgrims. There is one other pillar in tho shape 
of a small stalagmite, 3 feet high and 8 inches in diameter, which is slowly 
rising from the floor by deposition from tho drops falling at long intervals from 
the roof. The interior of the cavern is coated ovJr with travertine, a dull cream- 
white compact semi-crystalline rock, tho surface sparkling a littlo owing to 
minute sparry facets. The stalactitic festoons are beautifully fluted and wrinkled, 
while the huge fungoid and ooralloid mounds of stalagmite are wrinkled in littlo 
waves of terracing, the mounds themselves being made up of successive shells 
with irregular cavities between. 

A good deal of rubbish, the sweepings from the nnmerons pilgrim gatherings, 
lies collected among the stalagmitic mounds forming an uneven earth floor, but 
with no thickness; and this appears to be the only material in which any remains 
could occur otherwise than in the substance of tho mounds themselves. 

On a subsequent visit, as I am informed by him, Mr, Turner ascertained, 
notwithstanding that we were told to the contrary by the villagers, that this 
band of limestones is continued to the northward, and that it oven bars tho 
passage of the Peddagunda river itself by a wall some 20 or 30 yards wide which 
is pierced by a cavernous channel having two apportures on the up-side, each 
40 feet high, one above tho other, but m>x in a straight line. Further in, the 
hollow is only about 3 or 4 feet above the level of the water; and through it, Mr. 
Turner conli^'by creeping in as far as possible and l^ending down just see the light 
coming in at the orifice on tho down side. There is no particulai show of tra¬ 
vertine in this swallow hole. 

From all Mr. Turner could gather by enquiry,—and curiously enough the 
villagers appear very^ reserved on the subject—there appear to bo other caves or 
outcrops of limestone both in this neighbourhood of Borra, and yet further east¬ 
ward at the foot of the hills. This^Boira band and that reported to the eastward 

> Presamably so at least, for the pillar of travertiao is to all appearance a sort of ' Kayum,' and 
there was uo authoritalive priest or devotee at hand to settle the question. 
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would be, if continued northwards in the line of strike held by the gneisses, 
somewhat in the direction of other reported outcrops of calcareous rooks in the 
Salur Zemindari: and it is not improbable that the ultimate tracing out of 
them, as well as of a yet further outcrop (to Hb noticed immediately) to the north 
of Yizianagrum, may bring the Galikon^a gneisses into a closer relation with the 
Kailassa band than my traverse of them has led me to suppose is the case, 

JEconomic MineraUy (Graphite, Manganese » to, and Kaolin).—It has been long 
known that graphite occurs in this district and indued at intervals also to the south* 
ward in this same zone or belt of gametiferous gneisses, as far as Bezvada on the 
Kistna. I was unfortunate, however, in not being able to visit any locality where 
it occurs. By all accounts, it is not known to occur in any quantity or richness; 
the most favoured locality for production appearing to bo in the neighbourhood of 
Salur, the chief village of a largo /emindari at the foot of the western hills. 

I was more lucky however, in ascertaining the occuntjnee ot manganese ore 
which has hitherto, I believe, only been reported as occurring here and there among 
the laterii Old 'forms of decomposed gneiss and then only sparingly, more especially 
BO, it is said, on tho Bimlipatam hifl.^ About 6 miles to the northward of 
Vizianagrura on tho road to Palkonda, after passing through the gap in the 
Chota Himalaya range and a short distance beyond tho ford of tho Konada river, 
there is a band of dark weathering somewhat siliceous crystalline limestones 
cropping out along the base andlsomcwhat up the slope of tho hill on the east side 
of tho road, associated with which ai'e two obsi’ure exhibitions of manganese ore. 
The most obvious of these last is in a poition of the talus of debris (mostly of 
gneiss fragments) at tho foot of the slope, where for several square yards the 
black and slaggy-laoking material gives the idea of tho place having been the site 
of an old ii’on-smolting community. A good quantity of this pstlomelane, as it 
really is, has been dug out for road material; in fact, tho road is metalled for some 
distance with this ore of manganese. I was unable to satisfy myself that any 
of the ore is tn bitu; the pits have exposed a covered portion of the limestonea 
alone, and tho largo blocks and smaller masses of ore all appeared to me to be 
debris which had rolled down from above like the gneiss debris on either side. 
Somewhat higher up the slope but to tho right, following the limestone outcrop, 
a portion of the latter rock is crusted over by a thin and irregular coating of black, 
black and pink, speckled ahd blotchy travertine largoff charged with earthy 
manganese ore or ‘ wad' which may have been caught up by tho calcareous 
waters in their sub-terranean uassagp, through or over the manganese lode. 

The cjystalline limestone itself is very bard and finely saccharoid, and crowded 
with small crystals of green coccolite; in thick beds dipping at 45° w^so to east¬ 
ward, with the lamination well displayed on weathered surfaces. 

Specimens of the ore were submited to my colleague Mr. F. B. Mallet, who 
reports 

No. 1. Non-nodular ore from ipad-metal quarry. Psilomelane. Contains 
67’7 per cent, of available peroxide^. 

* It is quite possible that closer search inn; disclose a liinostone band in this bill, or at any 
rate a band of manganese ore whence the oie (probably pyrolusitc) in tho lateritoid rock may have 
been derived. 
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No. 2. Nodular ore from same locality. Psilomelane, in part at least con¬ 
tains 53'5 per cent, available peroxide. 

No. 4. Earthy ore from slope of hill above. Contains 16* 7 per cent, avail¬ 
able peroxide, also some'iime, &o. 

The latter specimen, taken from the travertine encrustation described above, 
is of very inferior quality ; but No. 1 is remarkably good, coming up as it does 
to the average of the ore of commercei^ which ranges at from 60 to 70 per cent, of 
available peroxide. 

Traces of a similar development of crystalline limestone and associated man¬ 
ganese ore occur near Bamachandrapui'am in the Salur ssamindari; the high 
road, when it bifurcates to Bobbili on the one side and Salur on the other, being 
also metalled for some distance with debris of the ore. 

Another industrial resource of possibly greater future value than either of the 
above is a more or less'decomposed white felspar (7 murehisonite) occurring in 
thin seams in the Vizianagrum band of gneisses which gives promise of a Kaolin 
of superior quality. It has been found hero and there in the neighbourhood of 
the town in the digging of wells, and was; I believe, first brought to notice by 
Dr. Thos. Quinn, the State Surgeon, who also supplied me with specimens. Like 
many other so-called kaolins and pottery clays found in other parts of the Presi¬ 
dency, this local product has undergone a certain amount of trial at the Madras 
School of Art and even received rather favouratoe commendation from Mr. B. P. 
Chisholm, the then officiating Superintendent of that institution. A further con¬ 
signment was asked for and sent down to Madras which appears to have given 
better results ; while a specimen of porcelain is said to have been prepared from it 
for the Maharajah’s acceptance. Nothing further is however known of this con¬ 
signment, and the development of the clay has fallen into abeyance. 

Mr. Mallet was good enough to examinct the specimens given me by Dr. 
2ninn, with the following result :—"Decomposed felsj^athic ro<^ from Vizianagrum. 
Then reduced to powder and mixed with water was only very slightly plastic. 
The mass was made into small bricks with sharp square edges, which, after drying, 
fwere heated in an injector gas-furnace. At a yellowish white heat the bricks 
began to bend, and at a full white heat were reduced to a semi-fused condition, 
the colour after cooling being pure white. The material is not a China clay, but 
resembles Cornish stoi^l (a partially decomposed granite) which is largely used as 
an ingredient of the finer kinds of pottery. The absence of colouring matter in 
the Vizianagrum stone renders it suitable for use in a similar way.” 

These specimens were really only very partially decomposed, much of the 
felspar being’ferystalline and having the beautiful i^cen or pearly lustre character¬ 
istic of murehisonite ; but I believe much more perfectly weathered or decomposed 
and clayey forma are procurable which may give better results. The doubt in 
my mind is as to the quantity available, for I did not see any indications of 
thick bands of such a rock. 




Oldihaxn; _.Lvtmwx-ujf. 
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Preliminary note on the Geology of Nortliem Jesalmer (yriih. a map), by B. D. 

Oldham, A.B.S.M., Officiating SuperintevMent, Geological Survey of India, 

The oonntry lying between the Arvalis* and the Indus may be classed as (me of 
our terrcB incognitce; even on the latest maps it is comprehensively styled a desert 
and the great objection which map-makers have to a blank space has been got 
over by scattering sandhills indiscriminately over the whole area. Sandhills are 
abundant, and widespread, but there are also large tracts of oonntry from which 
they are absent and which could oven by comparison be called fertile, at least 
in those years when there is an average rainfall. 

Broadly speaking this region may bo said to bo divided into three principal 
tracts: there is, firstly, the alluvial plain at the foot of the Arvalis dotted with 
rugged rocky island hills rising abruptly some hundreds of feet from the plain. 
Then comes a tract of undulating country in which there are large exposures of 
rook which rarely rise much above thg general level of the surface, and to the 
west of this there is the rocky oasis of Jesalmer, marked by prominent scarps 
alternating with broad gently sloping plains. Geologically too the regjpu may bo 
divided into three tracts. There is first a tract where, excluding alluvium, the 
rocks ara all the highly disturbeq^ ancient beds of the Arvalis; then there comes a 
tract of the fiat-bedded Yindhyan sandstones and limebtonea, and west of this there 
are the neozoic (secondary and tertiary) beds in Jesalmer. The geological and geo¬ 
graphical divisions are nearly co-extonsive and conteiininouB, but there are just 
sufficient exceptions to show that tlie features of the country are in part at least 
^due to other than structural causes. Some of the prominent hills in the eastern 
tract are composed of the fiat-bedded Yindhyan sandstones, and the western 
boundary of the undulating rocky plain overpasses the eastern boundary of the 
neozoic rocks. These divisions ai*e very distinct about the latitude of Jesalmer,i 
but to the north in Bikanir, where the rocks sink under alluvium and sandhills, j 
they naturally disappear. 

An y general account of this region would bo incomplete without some refer¬ 
ence to the sandhills which •are found in all the sub-divibious and are particularly 
prominent and well developed^ in the desert-tract between Nagore and Phalodi. 
There are meeny problems of interest and difficulty in connection with these sand¬ 
hills, not the least of which is their apparantly capricious distribution and the 
apparently equally capricious exemption of large tracts from their presence. 

Of the three geological sub-divisions the eastern one, that of the Arvali rooks, 
has already been described;^ the Yindhyan area represents little of interest; and 
of the neozoic area a portion has already been referred to.* There remains the 
northern portion of the rocky oasis of Jesalmer which presents many features of 
interest and of which I propose to give a brief description. 

The observations on which this paper is based were maide during the loop 
cast, northwards from Jesalmer, mentioned above.* Under such circumstances 


* Supra, Vd. XIV, p. 279. 


Supra, p. 122. 


* nigol28. 
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detailed observation is as impossible as it would havo been at variance with the 
object of my visit, and 1 shall in consequence confine myself very much to what 
may be regarded as more or less certain; some of the doubtful points it will be 
necessary to allude to, but most of ^hem I shall pass over in silence. 

The physical geography of this tract is characteristic and striking, being 
marked by numerous parallel scarps separated by broad grassy plains; in the north 
near the village of Farihar, there is a remarkable group of flat<topped hills which 
rise about 150 feet from the plain. These are the only isolated hills I know of in 
this region, and as they rise from an elevated plain they form a most conspicuous 
landmark visible even fi*om the fort of Jesalmer. Two other peculiarities may 
bo mentioned, one is the number of stream beds met with, one of which—the 
Karkana—has a course of about -15 miles, and is then lost in a salt plain which 
during the rains becomes a shallow lake ; the other is the absence of sandhills, 
but few, and those small, are to be found at all. 

East and south-east of Jesalmer, underlying tho limestone, there is a group of 
sandstones characterised by the occurrence of silicified wood. These havo been 
described by Dr. Blanford, but no special name given to them. 1 would suggest 
the “ Lathi group,” Lathi being a large village or town on the road from Pokran 
to JesalmeV, where the silicified wood is very abundantly developed. 

From Jesalmer the route lay over the elevated rocky plateau of tho Jesalmer 
limestones, and then descended into tho valley^bf the Karkana; to the west of 
Lodowa is a broad alluvial plain with occasional outcrops of tho limestones and 
sandstones of the Jesalmer group; this plain is bounded on the north-north-west 
by a very prominent scarp of the Bedesir group, rising to a height of over 
100 feet; it is composed of pale piu’plish and reddish sandstone with which are some 
bands of hard calcareous sandstone, dark red ferruginous rock, and numerous 
thin bands of a hard black ferruginous sandstone that breaks with a glassy 
conchoidal fracture and rings under the hammer. In the sections I have seen, 
this rock occurs as thin bands, seldom more than f inch in thickness, as partings 
in the softer non-ferruginons sandstone, and never forming more than of the 
whole thickness of the beds ; but as the rock is practically indestructible its frag, 
ments, wherever it occurs, thickly strew the groUnd and give the country a desolato 
aspect not unlike that of a cinder heap or a recent lava flow on which vegetation 
has not had time to establish itself. Tho occuri'ence of these beds enables the 
group to withstand the elfocts of weather in a manner that makes its boundaiy 
with the Jesalmer group always take tho form of a prominent scarp. 

At one place, about 3 miles west-north-west of Lodowa, I was fortunate enough 
to find sonae fossils; they occur in a dark-red ^rruginous matrix and consist of 
one or two species of Ammoniies and Belemnites and a few Terbbratulce and some 
small free corals. It is impossible to say, without more detailed examination than 
is at present practicable, whether any of those are identical with Kachh species 
or no, but they do resemble some of the Katrul species, and curiously enough 
there is also a remarkable similarity in the 'matrix. 

The boundary between the Bedesir group aud the next above it is difficult to 
draw, as it is not marked by a scarp, and I have been compelled to take the 
limit of the black ferruginous sandstone as the limit of tho two. This group I 
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have called the Parihar group as a provisional name, but in lithological characters 
it closely resembles the Umia group of Kachh, and seeing that the Bedesir group 
contains fossils resembling those of the Katrol group, and that the Jesalmer 
limestones are the equivalents of the Chari groifp, it seems probable that we might 
apply the Kachh names to the rook groupf of Jesalmer, yet in the absence of mote 
detailed examination such a course would hardly be justifiable. 

The Parihar group consists principally of soft white fclspathic sandsionra, 
occasionally calcareous or slightly ferruginous. They decompose so easily that 
the country they occupy consiste for the moat part of level or nearly level sandy 
plains covered with a sugary sand, the sugary look being duo to the angular 
shape and transparency of most of the quartz grains. Besides the soft sandstones 
there are some beds of a hard glassy rouk, which breaks with a conohoidal fracture 
and should perhaps be called a quartzite; similar beds arc known to occur in 
Kachh. In Jesalmer they always form hills, the most conspicuous of these being 
the Parihar hills, already referred to, which are capped by beds of the hard 
glassy sandstooo, all the rest of the hill being formed of soft sandstone of the 
usual typo of the Parihar group. • 

To the south of the Parihar hills is a group of hillocks, about 50 feet high, 
composed of this same rock. The southormnost of those appears to belSng to the 
Bodosir group of rocks, and owing to its induration and a peculiar structure which 
gives it the appearance in one plme of being composed of vertical beds, it seemed 
when first seen to bo an inlier of the A.rvali quartzites, an opinion which examin¬ 
ation soon showed to bo untenable. 

At the Parihar hills the glassy sandstone may bo scon in places distinctly overly¬ 
ing the nummuliticsf but as I never saw any similar bed iiiterbedded with the 
Hummulitics, this would seem to bo due to slippage of the hard bod from a higher 
to a lower level over the surface of tiio softer and more easily weathered nummu- 
litic sandstones. 

Above the Parihar sandstones there comes another group of sandstones, shales, 
and fossiliferous limestones, the latter weathering a dark-red colour. In this 
group there is a-vciy conspicuous fossiliferous band, the fossils being all, except 
the oysters, converted into p. yellow substance, which shows out conspicuously 
against the red matrix. This is Mr. Blanford’s Ammonite bed of Kuefari,^ but as 
this tillage is not on the grohp at all, and as the rock is known throughout the 
country by the name of " Abur stone,” it would lie better to use the name of that 
village for the group. The stone has a sort of semi-sacrod character, blocks of it 
being quanied to place in the thresholds of the temples. 

The next rocks overlying the Abur group are of nummulitic ag^; where 
crossed by Dr. Blanford in 1876, they form a conspicuous scarp, which extends 
as far north as the Parihar hills; here it becomes much loss conspicuous and 
bonds round to the eastward. The thinning out of the nummulitics is very 
marked, for the scarp at Abur is full 100 feet high, while a| Khewalsir there 
are not more than SO feet of beds exposed, and the lowest of these is higher in 
the series than any bed in the Abur scarp. 

On top of the nummulitics there comes a band of a ferruginous rook, very like 

> Boc. Qcol. Surv. lud, X, 16 and 20. 
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laterite; whether this belongs to the series or no I cannot say. I have nerer seen 
it overlaid by any beds of nummnlitio age, but, on the other hand, from BAm" 
gnrh to Khewalsir the beds immediately underlying it appear to be identical > 
this would point to a conformity. ^Nothing resembling it was seen in the small 
outlier of nnmmulitics at Eotri near Koilath in Bikanir. 

In the Bikanir outlier, and again' at the village of Mandar, about 5 miles 
north of Khewalsir in Jesalmer, there occurs a very fine-grained unctuous clay or 
fullei’*8 earth which is largely exported; it is the “ Mult^i mitti of up-country 
bozaais. 

To the north of the village of Mandar, just mentioned, the nummulitics sink 
below an alluvial plain, and about 8 miles further north the sandhills arc said 
to begin. 

On the road to Jesalmer, at Sawal village and again at Amir, there are large 
patches of pebbles derived from a conglomerate whose mode of occurrence is so 
deceptive that at first sight it appears to be interbedded with the sandstones of 
the Lathi group, but a careful examination showed me that they are of much 
later date and quite unconforraable. TJie pebbles are all of local origin, being 
for the most part, rounded quartz pebbles derived from the sandstones of tho 
Lathi group mixed with some less perfectly rounded pieces of ferruginous sand¬ 
stone, silicified wood and a few of tho characteristic yellow Jesalmer limestone. 
There is no direct evidence of the ago or mode^f origin of these shingle beds, but 
1 would take them to be sub-recent and very possibly marine littoral deposits. 
It may be remarked tliat they occur on the boundary between tho second and 
third of the geographical tracts into which I have divided the desert, and it is by 
no means impossible that the sea may have extended over the country oast of 
Saggar and Sawal, while Northern Jesalmer was dry land. ’ The only evidence I ^ 
know of against this is the existence of a low scarp of Vindhyan sandstones at 
Pokran; but as this appears to Ho along a lino of fault it may bo due to a 
differential movement at tho surface and of quite recent origin. 

There is yet another rock which must be mentioned. Near the summit of tho 
Parihar hills, and again on the flanks of tho Abur hills there occurs a peculiar 
compact generally pinkish limestone, or more properly limestone conglomerate, 
marked with concentric colour markings which surround tho fragments of lime¬ 
stone of which it is composed; some of these fragments may occasionally be seen 
to coiisist at the centre of the yellow nummulitic limestone, while tho outer part 
has become converted into a structureless and much older-looking rock. This is 
by no means tho only locality where this rock occurs. Throughout my tour I 
was constantly meeting with a similar rock which usually contained large frag¬ 
ments of quartzite, in some localities angular, in Others rounded. It is one of the 
puzzles of the region, for while its lithological character would lead one to con¬ 
sider it to be veiy old—at least as old as tho Vindhyans—it appears to rest impar¬ 
tially on everything from the Vindhyan sandstones to the alluvium. Without 
more detailed exa^nation it is impossible to say what it ia, nor even whether 
iu spite of the general resemblance of different exposures, it may not be of very 
different ages. 
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Notes on the microscopic struotare of some specimenseof the Maldni rocks of the 

ArvaJi region, hy Colonel C. A. McMahon, P.G.S. 

• 

When reading Dr. Blanford’s interesting account of tlie Malani poipkjritio 
folsites,^ 1 was struck at once with an apparent resemblance between them and 
some folsites observed by me at Tushdm.^ On mentioning this to Mr. Medlicott, 
Director of the Geological Survey of India, he was go(^ enough to send me 
some samples of the Malani rocks collected by Dr. Blanford. Pressure of other 
work prevented my studying these specimens in detail at the time, but I have 
now done so, and offer the following remarks on the result, 

I shall briefly describe the petrological character of the sample specimens in 
the first instance, and then conclude with a few comments thereon. The numbers 
quoted are those of the Geological Survey. • 

Wo. 41-62 .—A dark grey, compact, almost flinty-looking felsite with 
extremely minute blebs pf quartz dotted over it. Sp, G, 2*62. Prom a bed 30 
miles west of Balmir. • 

No. ,63-62.—A very light coloured, greenish-grey felsite dotted over with 
very numerous, but small, and very irregularly shaped porphyritic crystals of 
felspar. The matrix has a highly porcclanous appearance. Some extremely 
minute blebs of quartz may alj|> bo seen. Sp. G. 2'53. From near Pokran, 
90 miles V7.N.W. of Jodhpur. 

M.—^Those specimens, though very different in macroscopic aspect are so 
similar under the microscope that they may be described together. 

The ground mai^p, in both reflected and transmitted light, exhibits a very 
«jbeautiful and decided fluxion structure. Between crossed nicols the base breaks 
up into micro-felsitic matter in which countless multitudes of minute specks of 
quartz shine like stars in the milky-way. These minute specks run together, 
here and there, forming nebulous clusters void of sharp or regular outlines. 

Under high powers the base of No. 41 is found to bo filled with countless 
opaque microliths, for the most part in shapeless dots, and flocculont greenish 
matter. The former is probably nlhgnetite dust and the latter imperfectly crys¬ 
tallized amphibole. The lafter is absent in the case of No. 63. These embryo 
microliths often cluster together and form wavy strings running with the lines 
of fluxion, These latter are due, apparently, to the imperfect admixture of 
felsitic and silicious material in the base. The lines of magnetite dust are 
deflected by the porphyritic crystals and cluster round their edges. 

The base contains porphyritic crystals of orthoclase and free quqytz. The 
felspar is very opaque. Some of the crystals present regular crystaUographio 
forms; others arc apparently in a fragmentary condition, whilst most of them are 
twinned. 

Some of the quartz exhibits the inmains of crystallographic shape, but, as is 
usual in this class of rock, it gives evnlonce of having suffered corrosion and 
partial remelting, being in more or less rounded bleln, ^ 

‘ Eeoorda Gool. Snr. Ind., X., 11-17. Manual, p. 53. 

* Beoorda OeoL Sur. Ind., XVII., 108. 

• b2 
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No. 41 contains some sphene and magnetite, or ilmenite, tlie latter being 
mncb corroded. No. 53 contains a little bsematite. Tho opacity and pinkish 
colouring of the felspar^apnears to be due to the dissemination of oxide of iron 
through their substance. In No. the porphyritic crystals of felspar are much 
larger than tho granules of free quartz. In No. 41, one of tho grains of quartz 
contains a few liquid cavities with moving bubbles. 

No. 45-62,—A felspar porphyry of reddish colour, from Balmir. Sp. G. 2‘64. 

M.—This rock under the microscope has, in some respects, the aspect of a 
trachyte. Microliths of felspar are numerous in the ground mass which also 
contains crystals of apatite and the altered remains of what appears to.diave been 
hornblende. Much of the iron present has been altered to a reddish oxide. 

The slice contains no free quartz, but porphyritic crystals of orthoclase and 
plagioclase, corroded and eaten into by tho solvent action of the base, are 
numerous. Zonal structure is apparent and tho triclinic felspar appears to be 
oligoclase. 

No. 46-62.—An amygdaloidal-looking rock with a purple-grey matrix. Veins 
of epidote are to bo made out in it here ^nd there. Sp. G. 2*68. From Balmir. 

M.—Judging from the structural characters brought to light by the micros-, 
cope, thi^rock approaches the basaltic type. It is not a true basalt, for it con¬ 
tains neither olivine nor augite; but its structure is that of a basic lava, for it 
consists of multitudes of micro-prisms and nycroliths of felspar disseminated 
through a devitrified glassy base. The latter is quite opaque when examined with 
ordinary powers, but, with the aid of high powers, it is seen to be coniposed of 
very minute translucent and opaque grains which are probably inchoate augite 
and magnetite. 

The whole of the felspar appears to belong to the triclinic" system. It is much 
decomposed and altered. The rock contains irregularly shaped spaces stopped 
with prohnite, epidote, calcite, and some opalescent quartz. 

This rock very much resembles some of the basaltic lavas collected by mo near 
Clermont Ferrand in tho Puy do D6me district of Auvergne, the habitat of tho 
species of trachyte called domite. Some of the basaltic lavas from this locality 
contain much olivine and augite} others again, judging from the thin slices of 
them which I have examined, like the Balmir specimen, contain no traces of these 
minerals. 

The Auvergne rock abounds in vesicular cavities of very irregular shapes and 
has a micro-granular base starred with microliths and micro-prisms of triclinic 
felspar like tho Malani specimen. The latter rock was, I appinhond, likewise a 
highly vesicular lava when it flowed from its ancient crater; but the vesicles have 
long sined been stopped with secondary producte^of decay through the agency of 
infiltrated water. A comparison of the recent lavas of the Puy de Dome with 
this very ancient Malani lava affords another illustration of the truth, now gene¬ 
rally admitted by English geologists, that tho petrological characters of volcanic 
products afford nef test of geological age." 

In connection with this rock it is interesting to note that Dr. Blanford met 
with “ a considerable outlSurst of basalt ” between Lowo and Pokran, though, os 
he mot with none of this basic rock associated with tho Malani beds in the 
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Pokran-Balmir area, ho did not consider the relation of the basalt to the 
felsitos at all clear. As the microscopical examination of one of the five ‘RwlTnii* 
specimens sent to me for examination, displays basaltic affinities, it seems not ini* 
probable that a detailed survey of the Maladt rocks, at some future day, may 
show that as in Auvergfne, so also in the MRlani area, acid lavas graduate into 
those of basic type. 

N’o. 38-62.—A syenite granite in which hornblende takes the place of mica. 
Sp. G. 2'64. From Jessai hill west of Balmir. 

Viewed macroscopically, this is a pinkish-white, fine-grained rock, abundantly 
sprinkled with very minute prisms of liomMonde. 

M.—Under the microscope the quartz and felspar are seen to bo in about 
equal proportions. The felspar is much clouded, and its pink colour appeals to 
be due to tho dissemination of a brownish-red oxide of iron. 

In the quai'tz, gasjgiinclusions and liquid cavities with 'moving bubbles are 
extremely numerous and vary much in size. Some ai’e very minute; others 
again are visible with a magnifying power of one hundred diameters. I have never 
seen a rock in which liquid cavities wore more abundant. 

Blade-like microliths of hornblende, blue in transmitted light, are rather 
plentiful in the rock and are to be found in both tho felspar and the quartz. The 
larger prisms of amphibole vary,^in transmitted light, from a vandyke-brown to 
a clear blue, in a way that is highly suggesth e of tourmaline, but its optical 
properties are not those of tho latter mineral. The blue hornblende is probably 
glancophano or an allied variety. Much of the hornblende is very opaque even 
in very thin slices. Sections of rather iiTegular six-sided prisms are visible, but 
the cross cleavage is obscure and all the prisms seem to bo made up of bundles of 
microliths which give it, here and there, frayed ends and a somewhat fibrous 
structure. It is powerfully dichroic,*but it does not polarize in brilliant colours. 
In reflected light the hornblende is black, or blue-black, audits hardness is such 
as to prevent tho possibility of its being mistaken for biotito. 

The microscope shows that this rock is of plutonic origin ; that is to say, it 
must have consolidated at some disj^ance 11*010 the surface. In structure it is 
quite granitic. • 


General Bemarks. 

I have already mentioned at tho commencement of this paper that I was 
struck, on reading Dr. Blanford’s account of the Malani beds at Balmir and 
Pokran, with points of resemblance between them and the felsites at Tushiim on 
the northern borders of Bikanir. This impression has been confirmed by the 
comparison of specimens from both localities. 

There is nothing in their geographical position to render the correlation of 
the Malani and Tushfim beds improbable, but rather the contrary, for it will be 
observed on a reference to the geologicaUmap that accompanies 4he Manual of the 
Qeology of India, that Tushdm and the Malani optcrops are both to the west of 
the Arv&li series and at nearly the same distance from it. The strike of the 
Arvili series is north-easterly. A prolongation of the Balmir-Balotra outcrop of 
the Malani beds in a north-easterly direction takes us to the Jodhpur-Pol^n 
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outcrop of these bed&; and a further prolongation in a north-easterly direction 
would take us to Tnsh&m. Whether or not the Halani beds show between Jodh¬ 
pur and Tnshdm cannot be said, as this line has not, as yet, been explored. 

The geographical position of Tushdm, therefore, taken in connection with the 
north-easterly trend (N.E.-by-N.) of the Arvdli range, and the north-easterly 
outcrop of the Arvdli series, rather favonrs, than otherwise, the supposition that 
the Malani and Tushdm beds belong to the same series. 

The strike of the Tushdm rocks varies from N. 11° E. to N.N.E., whilst 
that of the Balmir beds^ is N.W. At Balmir, the dip is only 20° to 25°; whilst 
at Tushdm it is vertical. I do not «think, however, these facts are fatal to the 
hypothesis of correlation, for they might indicate, not that the Malani beds are 
unconformable to those of Tushdm and are of different geological age; but that 
the beds at Tushdm wore more disturbed than those from 250 to 350 miles 
further south. ^ 

The points of resemblance between the Tushdm felsitos and those of the Mal¬ 
ani series are not inconsiderable. It is tme that most of the Malani beds are por- 
phyritic, or at any rate the prcsenco of' porphyritic crystals of felspar is very 
characteristic of them as a whole; whilst, on the other hand, if we except the 
quortz-poxphyiy which is intrusive in tho others, the Tnshdm rocks are not 
porphyritic to the naked eye ; but as there is no great thickness of tho fclsitcs 
exposed at Tushdm, this objection is not a fataf'ono, for it is open to us to sup¬ 
pose, either that the felsites are meagrely represented at Tushdm, or that they 
lost in this locality one of the characteristics impressed on them further south. 
However this may be, it seems worthy of note that out of five specimens of the 
Malani series sent to me, one, namely, No. 41—62 (see ante), is mncroscopically 
almost indistinguishable from No. 22 of my Arvali paper.®* They differ only in 
slight shades of colour—a perfectly immater'al point. They are both dark grey, 
flinty-looking, compact, felsitos with minnte blobs of quartz dotted over them and 
visible to the naked eye. In specific gravity, also, there is no material difference 
between them, the Tnshdm rock being 2*63, and the Malani specimen 2*62. 

Under the microscope, the resemblance between the two rcKiks is also consi¬ 
derable. The base in both is similar, and contains fiocculent green material and 
porphyritic crystals of quartz and felspar. No liquid cavities were detected in 
the quartz of the Tnshdm specimen, bat one of the quartz ciystals of Malani, No. 
41—62, contains a few. ' 

Felsites appear to occur associated in intimate connection with plutonic rocks 
and also as true lava flows.' There is no doubt about the character of the Mal¬ 
ani rocks, for beds of " unmistakable volcanic ^sh '* were found associated with 
them bat the question arises whether the felsite beds of Tush/m are also vol¬ 
canic. They occur on the west side of tho hill of Tushdm and they appear to 
be conformable in the direction of their strike to the sedimentary beds on the east 
side of the hill. Both tho Malani felsites described in the preceding pages and 
those of Tushdm exhibit fluxion structure (see my description of the Tushdm 
felsites, Becords XVI, pp. 108—110, Nos. 16,18, and 22), and this structure i 


’ Bee Qeol. Surv., X. 11. 


* liec. Geol. Surr., XVII, 108. 
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oharaoteristio of lavas, and affords, in a rock of this class, a ^m&^faoh isdioa- 
tion that the rock displaying it flowed forth from the earth’s crust as a lava. 

The syenite-granite of Balmir (No. 38—62) has a much more plntonic aspect. 
This rock is probably alluded to at page 17, Yel. X of the Bocords O. S., and the 
rock there described is said to occur “ intercalated in large masses ” j^the italics 
arc minoj " with the porpbyriiic felsites.” At Tush4m and in its neighbour* 
hood granitoid rocks also occur which are not tnu granites, but are granite por¬ 
phyries, The association of granitoid rocks in both localities, namely, with the 
Tush&m as well as with the Malani felsites, is noticeable, and forms one of the 
connecting links between the two. In both cases, possibly, the granitoid rooks 
may bo directly connected with the lava flows and represent the roots, or deep 
seated portions, of those ancient volcanoes. 

Without asserting positively the correlation of the Tush^ felsites and the 
Malani beds, I think it worth while to suggest that future observationa in the 
field may possibly estal^lish the connection between them. 

Dr. Blanfuid remarked that ** the Malani cocks must be very ancient, but no 
idea can be formed of their geological position, as they are no where associated 
with rocks of known age except v hen underlying beds of comparatively recent 
date,” This remark applies also to the Tushim rocks. They occur in an isolated 
hill piercing the sandy soil, the granite-porphyiy also appearing as isolated hills, 
the whole group being many milA distant from beds of known Arvali age. A 
connecting link between the Malani and Tush4m rocks may hereafter bo obtained 
when the ago of the sedimentary beds on the east flank of Tush4m is ascertained. 
I have seen nothing similar to these bods in the limited area of the Arvali rocks 
which I have had an,opportunity of studying in the field. 


Memorandum on the Malanjkhandi copper ore, in the Balaghat District, Central 
Provinces, by William Kino, ^.A., D.Sc., Superintendent, Geological Survey 
of India, 

Malanjkhandi appears tp be the* name of the low hill ridge, in the southern 
part of the middle saddle of which 3 or 4 quarries and a pit (about 30 feet deep, 
with two sha^s close together and in communication near the bottom) have been 
excavated for ore. The quarries are now filled in with debris of the excavated 
rock in which faint traces of green carbonate of copper nro recognizable. The 
pit is clean .to the bottom where there is a little debris. Those old diggings wore 
brought to our notice in 1882 by Colonel Bloomfield, Deputy Commissioner of 
Balaghat. 

I could not find any indications of a lode in the pit, only faint and rare traces 
of green carbonate as small strings and coatings in or on the rooky sides. A 
lode may have been worked out in these excavations; for it is hard to conceive 
how such deep working could have been pursued jn the intractable rock without the 


• Ooikio’s Text Book of Geology, p 186. 

* Rec. Geol Sarv., X, p 17. Jfanunl of the Geology of Indio, p. 63. 
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incentive of thicker strings, or a lode ; except on the view of forced laLour under 
a tyrannical demand for copper ore at any cost. (I have formed a strong notion 
that the old and very extensive workings for load in Kumool and for gold in 
Wainad were to some extent the result of such demands.) 

Tho quarries are tolerably large excavations; and they and the pit .were 
worked along and down what might bo considered tho strike and dip of the rock. 
Other parts of the ridge, towards its northern end, have also been quarried though 
not to any extent. 

I could not see any other oro than that of the green caibonatc. 

The vein stuff or matrix is part and parcel of the rocks composing the entire 
ridge; namely, a varying form of granular crystalline, or compact massive, 
generally white, though often brown or red-tinged from ferruginous staining, 
quartz-rock, having an indistinct bed-like arrangement (striking N.N.B.— 
S.S.W,, and vertical or with a high westerly dip where the excavations have 
been made). The ridge indeed goes with this apparent bed^strike which however 
trends round mearly N.W.—S.E. at its northem end, and it is as far as I 
could see, completely isolated by covering supei-ncial deposit from the massive 
granitoid and homblendic (? greenstones) crystallines of the adjacent low countiy. 
The country around, particularly to eastward, is seamed with loss marked out¬ 
crops of like quartz-rock, some of which are however associated with clay-slato 
and altered sandstones. ( 

There is no reliable history of the workings dr tho period of their desertion. 


ADDITIONS TO THE MUSEUM. 

FaoM 1 st Apbil to sdrn Jumb 1886. 

It 

Some impure giapliiic from Bettali village, Palamow. 

^ Pbesbktki) by Mb. P. B. Mahsojt. 

Fossil Wood (P) (mainly carbonate of iron, carbonate of lime, and carbonaceous matter), from 
the Sanotoria mine, Kdniganj coal-field. PBSSENTBn by Mb. I. J. Whitty. 

Galena, from Misronl, Tendwa, Hazaribagh. Pbesbntbd by Mb. CaupbblIi. 

Beanxite(P), occurs “in veins underaeaih tho coal strata," from Chitteedand, Salt Bange, 
Punjab. '* Pbbsented by Db. H. Wabth. 

Specimens of plagiocite with quartz, from Wolfsberg, Harz; plasma mixed with ' sardoine 
racholong from decomposed serpentine, from Baldissero near Jvrea, Piedmont; micro- 
clino broadly interbanded with albite (h larges bandes d’albite), from Ddpartment de I'Ain, 
Franco; microcline (amazon-stone), from Miaak, l|men mountains, Orenburg, Russia; 
and microcline, from Bergen, Norway. 

Pbbsented by the Mubeuk d’Histoibe Natubellb, Pabis. 

A sample of petroleum from the Khatan oil-wells, Sibi, Baluchistan. 

PaESBHTEn BY Mh. W. a. Fbaseb. 

Some copperas from e drift near Pid Bungalow. Pbesented by Db. H. Waste. 

A log of fossil wood from the Sanctoria colliery, Ranigaig field, in the 16' seam, STO' from 
the surface. Pbbsented by Mb. 1. J. Whitty. 
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JSdiiioui to the Llhtarf, 

A. block of porphyry from the * Olive' boulder bed of the Salt Range, having seven gladated 
Burfaces. Fbbsbvtbd bt Ob. H. Wabts. 

A collection of foBsils, rooks, Ac., from the nummnlitio strata about (he petroleum veils at 
KLatan, 40 miles east of Sibi, Baluchistan. .Pbbsbntbd by Mb. R. A. TowbsbkD. 


ADDITIONS TO THE LIBRARY. 

Fbom Isx Afbii to SOth Jubb 1886. 

Titfes of Bools. Donors. 

A key to Professor H. H. Wilson's system of transliteration. 8° Pam. Calcutta. No date. 

H. B. Mbdlioott. 

An Act to make bettor provision for the regulation of Coal Mines and Collieries, 11th May 
1876. 8“ Pam. Sydney, 1884. 

Ahstbd, David T .—Elementary course of Geology, Mineralogy, and Physical Geography. 

2nd edition. 8° London, 1856. H. B. Mbducott. 

Asbbubnbb, Charles A .—The geology of natural gas in Pennsylvania and New York. 

8“ Pam. Phila^lphia, 1885. Thb Authob. 

„ The products and exhaustion of the oil regions of Pennsyl* 

vania and New York. 8° Pam. Philadelphia, 1886. 

Tqb Authob. 

BaiiFOUB, Edward .—Cyclopiodia of Nidia and of Eastern and Southern Asia, commercial, 
industrial, and scientific; products of the mineral, vegetable, and animal 
kingdoms, useful alts an'l manafa«.turos. 8rd edition. 3 'Vole. 8° Lon* 
don, 1885. 

Babbabde, JbacAf}».--Ddfen8o des Colonies. V. 8“ Prague, 1881. 

• H. B. Mbducott. 

‘Habds, Carl, and SItbotjhaIi, Vincent .—^The electrical and magnetic properties of the 
Iron-Carburets. 8“ Washington, 1886. H. B. Mbdlicott. 

Becebb, Qeorge JT.*—The relations of the mineral belts of the Pacific Slope to the great 

upheavals. 8° Pam. New Haven, 1884. H. B. Mbducott. 
„ Notes on the stratigraphy of California. 8” Pam. Washington, 

1886. , H. B. Mbducott. 

„ Cretaceous metamorphic rocks of California. 8" Pam. New Haven, 

1886. H. B. Mbdlicott. 

Bibnby, TF$lH^m G.—The terrestrial air-breathing Mollusks of the United States and the 
adjacent territories of North America. 8* Cambridge, 1878. 

H. B. Mbducott. 

Blabfobd, Jlenrg -The Indian Monsoon Bains. 8° Pam, Allahabad. No date. 

H. E Mbducott. 

„ Instructions for meteorological observers in Bengal, for the use of 

observers reporting to the Meteorological Office, Calcutta. 8° 
Calcutta, 1868. H. B. Mbducott. 

„ On the origin of a Cyclone. 8° Fam. Loudoi}, 1869. 

H. B. Mbducott. 

„ On certain protracted irr^larities of atmospheric pressuie in 

Bengal in relation to the monsoon rainfall of 1868 and 1869. 

8" Pam. Calcutta, 1870. H. B. Mbdlicott. 
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Blakfosp, Henry F. — Tho winds of Northern India in relation to the temperature and 

vapour-oonsiitnent of the atmosphere. 4” London, 1874. 

^ H. B. Mxpucott. 

M On some recent eridence of the variation of the sun’s heat. 8® Pam. 

Calcutta, 1876. . H. B. Mepiicott. 

„ On the diurnal variation of rainfall frequency at Calcutta. 8? Pam. 

Calcutta, 1879. H. B. Memicott. 

„ On the high atmospheric pressure of 1876-78 in Asia and Australia, 

in relation to the sun-spot cycle. 8° Pam. Calcuttjii, 1880. 

H. B. SIbdlicott. 

„ On the connexion of the Himalaya snowfall with dry winds and 

seasons of drought in India. 8® Pam. London, 1884. 

H. B. Medtjcott. 

„ The theory of tho winter rains of Northern India. 8® Pam. Cal- 

‘cutta, 1884. H. B. Mbdmcott. 

BIiAKFOBD, William Thomas. — On tho nature and probable origin of the superficial deposits 

in the valleys and deserts of Central Pe.-sia. 8° Pam. 
London, 18/3. H. B. Mbdmcott. 

„ Account of some specimens of flintcores and flakes from 

'' Sakhar and Rohri on the Indus, Sind. 8® Pam. Calcutta, 

1876. H. B. Mbdmcott. 

„ A monograph of the glnus Paradoxurus, P. Cuv. 8° Pam. 

London, 1886. The Acthob. 

„ Remarks on a skull of Paradoxurus. 8® Pam. London, 

, 1886. The Authob. 

Bhonn's .Klassen und Ordnungen des Thier-Reichs. Band V, Abth. II, lief. 16—17, and 
Band VI, Abth. II, lief. 13—16. 8® Leipzig, 1886.' 

Bdbton, Bichard F. —The land of Midian (revisited). 2 vols. 8® London, 1879. 

• R. D. Oldham. 

Call, B. Bllsieorth .— On the quaternary and recent mol’usca of the Gmat Basin, with 
descriptions of new forms. Introduced by a sketch of tho quaternary lakes 
of tho Great Basin, by G. K. Gilbert. 8“ Washington, 1884. 

H. B. Medlicott. 

Cahtbbll, J. F. —About Polar Ghiciation, &c. 8® Pam. London, 1874. 

H. B. Medlicott. 

„ Glacial Periods. 8® Para. London, 1879. H. B. Mbdmcott. 

Cbambbblih, Thomas C/rrowefer.—Preliminary paper on tho Terminal Mo’aine of tire 
second glacial epoch. 8® Washington, 1883. H. B. Medlicott. 

Chobfat, Paul. —Bo I’impossibilitd de comprendre le Callovieu dans le J urassique Supdrieur, 

8® Pam. Lisboa, 1884. ^ II. B. Medlicott. 

'Clabeb, F, W., and Chatabd, T. M .—A report of work done in tho Washington labora¬ 
tory during the fiscal year 1883-84. 8® Pam. Washington, 1884. 

H. B. Medlicott. 

Clabkb, William Branwhi/e.—Effects of forest vegetation on climate. 8® Pam. Sydney, 

' 1876. ‘ H. B. Medlicott. 

„ Remarks on the sedimentary formations of New South 

Wales, illustrated by references to other provinces of 
Australasia. 4th edition. 8® Sydney, 1878. 

H. B. Medlicott. 



PART 3.] 


Additionsi to the Lilrary. 


169 


IHtlea qf Boohe. Donorei 

CiBVB, P, 21—'Oatlines of the geology of the north-eastern West India Islands. 8* Pam. 

New York, 1881. H. B. MssnicoTT. 

CocKBTTBBT, Notes On stone implements fronk the Khasi Hills and the Banda and 

Tellore districts. 8” Pam. Calcutta, 1879. H. 6. MedlicoTt. 

Cope, Edvoard E.-^The vertebrata of the cretaceous formations of the West. 4** Wash¬ 
ington, 1875. H. B. MbdIiICott. 

Cbooers, William. —Select methods in chemical analysis (chiefly inorganic). 2nd edition. 
8° London, 1886. 

Cboss, Whitman. —On Hypersthene-Andesite and on Triclinic Pyroxene in Angitio rocks. 

With a geological sketch of Buflalo Peaks, Colorado, by S. F. Emmons. 
8° Pam. Washington, 1883. H. B. Mbdlicott. 

Dill, William H".— General conclusions from a preliminary examination of the Mollusca 
dredged in the Gulf of Mexico in 1877-78 b^ the II. 8. Coast Surrey 

steamer “ 8® Pam, Cambridge, 1880. H. B. Medlioott. 

Dana, iS'£?ffar<ij5hfi«5«ry.-“Third appendix to the 6th edition of Dana’s Mineralogy. 8® 

Now York, lg83. 

„ A crystallographic study of the Thinolite of Lake Lahontan. 

8® Psm. Washington, 1884. H. B. Iji^DLicorr. 

Davidson, Thomas, and Dalton, W. HI—Monograph of the British Fossil Brachiopods. 

Vol. VI, conclusion. (Pal. Soc.). 4® London, 1886. 

Dawson, John, William. —On the cretaceous and tertiaiy floras of British Columbia and the 

north-west territory. 4® Pam. Montreal, 1882. The Authob. 
„ On the mesozoic floras of the Rocky Monntaii) Region of Canada. 

4° Pam. Montreal, 1885. Tub Aothob. 

Db la Bbche, Sir Hehry Thomas.-^k geological manual. 8® London, 1831. 

* H. B. Medlioott. 

„ The geological observer. 2nd edition. 8® London, 

1863. H. B. Mbdlicott. 

Deladnav, Charles Eughne.—On the hypothesis of the internal fluidity of the terrestrial 
globe. 8° Pam. London, 1868. H. B. Mbdlicott. 

Dblesse, Observations sur 1^ presence d'eau do combinaison daus Ics rochos 

feldspatbiquos. 8° Pam. Paris, 1849. H. B. Mbdlicott. 

„ Mdmoire sur ja Minette. 8° Pam. Paris, 1865. II. B. Mbdlicott. 

„ 0 Sur les gisements de chanx phosphatde de I’Estrumadure. 8° Pam. 

Paris, 1877. H. B. Mbdlicott. 

„ Carte agronomique du ddpartement do Seine-et-Mame. 8® Pam. Paris, 

^ 1880. H. B. Mbdlicott. 

Dblbssb, Aehille, and Laftabbnt, Albert de. —Revue de Gdologie pour les aflndes 1876 

et 1877. 8® Paris, 1879. H. B. Mbdlicott. 

Dbsob, Ed.—D ot Gebiigsbau der AJpen. 8® Wiesbaden, 1866. 

Ddtont, £idoward.—ljiae iles coralliennes de Roly et de Pbilippeville. 8® Bruxelles, 1882. 

, H. B. Medlicott. 

Edwabds, Henri Milne. —Zoologie. S° Paris, 1860. , H. B. Medlicott. 

Elson, 8 . B ,—The currents and tides of the Hooghly aud its littoral, and how they are 
influenced. 8° Pam. Calcutta, 1886. H. B. Mbdlicott. 

Enoyclopaidia Britannica. 9th edition. Vol. XY. 4® Edinburgh, 1886. 
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Etbbbidob, JRobert .—On the analysis and distribution .of the British Palssozoio Fossils. 8*^ 

London, 1881. H. B. Mbdlioott. 

„ On the analysis and distribution of the British Jurassic Fossils. 8** 

London, 1882. H. B. Mbdlicott. 

FsifiTif AKTBL, Ottokar .—On some fossil plants from the Damuda series in the Bdnigan j coaU 

field, collected by Mr. J. Wood<Mason. 8° Oulcutta, 1876. 

H. B. Mbdiicott. 

„ Notes on the fossil flora of Eastern Australia and Tasmania. & Pam. 

Sydney, 1880. H. B. Meslioott. 

Fishbb, Osmond.—On the formation of mountains, with a critique on Capt. Hutton's lecture. 

8® Pam. London, 1873. H. B. Mbducott. 

„ On the possibility of dianges in the latitudes of places on the earth’s 

surface ; being an appeal to physicists. 8® Pam. London, 1878. 

H. B. Mbdlicott. 


Fobtainb, William ilform.—Contributions to the knowledge of the older Mesozoic Flora 
of Virginia. 4® Washington^ 1883. H. B. Mbdlicott. 

Foote, Sobert Bruce .—On the distribution of stone implements in Southern India. 8® 
. Pam. London, 1868. H. B. Mbdlicott. 

Fobbbs, David ,—The structure of rock masses (stratification, joints, cleavage). 8® Pam. 

London, 1870. i. H. B. Mbdlicott. 

„ On the nature of the Earth’s interior. 8° Pam. London, 1871. 

H. B. Mbdlicott. 


Oalbbaith, Joseph A., and Hauohtok, Samuel .—Manual of Plane Trigonometry. 12° 
Dublin, 1862. H. B. Mbdlicott. 

Gakbbtt.' Henry ,—Lists of elevations principally in that portion of fho United States wesl)^ 
of the Mississippi river. 3rd edition. 8® Pam. Washington, 1875. 

H. B. Mbdlicott. 

„ A dictionary of altitudes in the United States. 8° Washington, 1884. 

11. B. Mbdlicott. 


Qabdbeb, John /Sifarlrte.—Monograph of the British Eocene Flora. Vol. II, part 3. (Pol. 
Soc.) 4® London, 1885. 

Gbieib, Archibald. —Class-book of Geology. (2 copies.) S°.London, 1886. 

Gilbbbt, Q. K .—The Colorado Plateau region considered as a field for geological study. 

8® Pam. New Haven, 1876. " H. B. Mbdlicott. 

Godwin-Adstbb, JT. jSl—Notes on geological features of the country near* foot of hills 

in the western Bbootan Dooars. 8 Pam. Calcutta, 1868. 

H. B. Mbdlicott. 

M The evidence of past glacial action in the Naga Hills, Assam. 

8®Pam. Calcutta, 1876. H. B. Mbdlicott. 

Hatton, .Framil.>~North Borneo. Explorations and adventures on the equator. With 
biographical sketch and notes by Joseph Hatton, and preface by Sir 
Walter Medhurst. 8® London, 1886. 

Uacoeton, /8hmi(ef.--rExperimental researches on the granites of Ireland. Fart III: On 

the granites o^ Donegal. 8® Pam. London, 1862. 

H. B. Mbdlicott. 

„ On the joint-systems of Ireland and Cornwall, and their mechanical 

origin. 4* Pam. London, 1864. H. B. Mbdlicott. 



PAUT 3,] 


Additions to the Library* 


m 


Tittes qf Books. Donors, 

Hattoetov, Samuel.’^On the oonetitueiit xoineraU of the granites of Scotland, as compared 

with those of Donegal. 8" Pam. London, 1870. 

^ H. B. Mbducott. 

„ Notes on physical geology. 8” Pam. London, 1877. 

• H. B. Mielioott. 

HisiiOp, Stephen .—On the teitiaiy deposits associated with trap-rock in the East Indies, 
with descriptions of the fossil shells: and of the fossil insects, by 
Andrew Man ay; and a note on the fossil Clypridee, by T. Rupert Jones. 
8° Pam. London, 1860. H. B. Medcicott. 

Hcili, PalsDO-geologioal and geograpUcal maps of the British Islands and the 

adjoining parts of the continent of Earope. 4° Dabliii, 1882. 

H. B. Mbducott. 

Husbak, J?«yen.—The determination of rock-forming minerals. Translated from the first 
german edition by Erastus G. Smith. 8° New.York, 1886. 

Indian and Colonial Exhibition, London, 1886. New Zealand Court. Detailed catalogue 
and guide to the geological exhibits. By James Hector. 8° Wellington, 

' 1886. Gboiogicai. Sdbvbt of Nbw Zbalane. 

Ibtiko, Roland D .—Preliminary paper on an investigation of the Archcean formations of 
* the north-western states. 8° Washington, 1885. Tqs Authob. 

InviNO, Roland D., and Yan Hise, C. R .—On secondary enlargements of mineral frag¬ 
ments in certain focks. 8° Washington, 1884. 

H. B. MbdIiIcott. 

Jbekibb, R. Af.—-On some tcitiary mollnsra from Mount Sela, in the island of Java With 
a dosciiption of a new coral from the same locality, and a note on the 
Sciudian fossil coials, by P. Martin Duncan. 8** Pam. London, 1864. 

H. B. Mbdlicott. 

JoEBBTOKB, J.~Cap&in Welsh’s expedition to Assam in 1792, 1793, and 1794. 8° Fam.» 

Calcutta, 1877. H. B. Mbelicott. 

JuPD, tfohn Wesley.—On the methods which have been devised for the rapid determination 

of the specific gravity of minerals and rocks. 8” Pam. London. 
No date. H. B. Mbducott. 

„ On the relations of the Eocene and Oligocene strata in the Hamp- 

bhire Basin. Pam. London, 1882. H. B. MsEticoTT. 

„ On thee-elation of the leptiliferous sandstone of Elgin to the Upper 

Old Red Sandstone. 8° Fam. London, 1885. H. B. MbdIiIcott. 

„ ^ On the tertiary and older Peridotites of Scotland. 8* London, 1885. 

H. B. Mbelicotf. 

„ On the Gabbros, Dolcrites, and Basalts of tertiary age in Scotland 

and Iieland. 8° Pam. London, 1886. H. B. Mbdlicott. 

„ Report on a series of specimens of the deposits of the^ile Delta, 

obtained by the recent boring opeiations. 8° Fam. London, 1886. 

H. B. Mbdlicott. 

JoDD, Join Wesley, and Colb, Grenville A. J.—Oa the Basalt-glass (Tacbylyte) of the 
Western Isles of Scotian^ 8" Pam. London, 1888. 

H. B. Mbdlicott. 

• 

Jdkbs, Joseph Beete, and Hadohtoh, Samuel—On the lower palwozoic rocks of the 
south-east of Ireland, and their associateC igneous locks. 4“ Dublin, 
1^59, H. B Mbdlicott. 
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J uiiiBif, Alexis A.—On the fissare-indusions in the fibrolitio gneiss of New Boehelle, N. Y, 

8° Pam. New York. 1879. H. B, Mbduootx. 

M On spodamene andyjits alterations from the granite veins of Hampshire 

Co., Jilass. 8" Pam. New York, 1879. H. B. Mbducott. 

Kin OSMI LX, TAomas W .— The flagstones anfl conglomerates of Ning>kongJow in northern 

Chelikiang. Pam. - , 1886* Tbb Authou. 

Kobnbn, a. eo^r.—Dio Crinoiden des uorddeutschen Ober-Dovons. S” Pom. Stuttgart, 1886. 

Thb Authob. 

„ Ucber cljmcnienkalk und Mittoldovon reap. Hercynkalk P bei Mont* 

pellier. 8“ Pam. Stuttgart, 1886. The Authob. 

„ Ueber das verhalton von dislokationen .im nordwestlichen Deutschland. 

8“ Pam. Berlin, 1886. Thb Authob. 

„ Ueber die storungen, welche don Gebirgsbau im nordwestlichen und west* 

lichen Deutschland bedingen. 8° Pam. Qottingen, 1886. 

Thb Authob. 

• 

Kunz, Qeorge JF*.—On remarkable copper minerals from Arizona. 8" Pam. Now Haven, 1885. 

The Authob. 

„ , Meteorio iron from Jenny’s Creek, Wayne County, West Virginia. 8° 

Pam. New Haven, 1886. The Authob. 

Lacboix, 8. F. —Nldmens de Algdbre, a I'usage de flicole centrale des quatre nations. 6”“ 
ddition. 8° Paris, 1836. H. B. Mbdiicott. 

Lamab, W. JY., and Exxis, Franh W. —^Physical observations during the Lady Franklin 
Bay Expedition of 1883. 8“ Washington, 1884. Home Debt. 

Lehmann, JbAanner.—Untersuohungen iiber die Entstehnng der Altkrystallinischen 
Schiefergesteine mit besonderer bezugnahmo auf das Sachsische Granulicge- 
* birge Erzgebirge, Fiohtelgebiige und Bairisch'Bbhmischo GrenzgobirgeT 

With atlas of plates. 4° Bonn, 1<384. 

Lesquebeux, Leo. —Contributions to the Fossil Flora of thf* western territories. Part 11. 

The Tertiary Flora. 4“ Washington, 1878. H. B. Mbdxicott. 
M Eeport on the fossil plants of the auriferous grovel deposits of the 

Sierra Nevada. 4" Cambridge, 1878. II. B. Medxicott. 

Lindstbom, Gustaf. —Siluiiscbo koiallen aus Hord-llussland und Sibirien. 8” Pam. 

Stockholm, 1882. " H. B. Mbdxicott. 

Loczt, Xttdwty.—Ueber die eruption des Krakatau im Jahre 1883. 8° Pam. Budapest, 
1884. H. £. Mbdxicott. 

Ltdbkkbb, Note on the generic identity of the genus Esthonyx, Cope, with 

Platychecrops, Charlesworth (.Miolophus, Owen). 8“ Pam. 
London, 1885. ^ Teb Authob. 

,, Notes on the zoological position of the genus M'orocheeruB, Wood, 

and its apparent identity with Hyopsodus, Leidy. 8" Pam. Lon¬ 
don, 1886. Thb Authob. 

„ On the occurrence of the crocodilian genus Tomistoma in the 

'' Miocene of the Maltdiie Islands. 8” Pam. London, 1886. 

Thb Authob. 

Ltbxx, Ovaries.—Manual of elementary geology; or the ancient changes of the earth and 
inhabitants .ns illustrated by geological monuments. 4th edition. ” 
London, 1862. H. B. Mbdxicott. 
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Ltuait, Theodoro .—Opbiuridm and Astropliytides of the exploring voyage of H. M. $• 
** Challenger,'^ Pai'ts 1*2. 8* Cambridge^ 1878 and 1879. 

H. B. MBDi.roonr. 

Ltoks, T. a. —The magneiism of iron and steel s^ps: an explanation of the various ways 
in which it affects the compass. 8” Washington, 1884. 

Houb Djbfabthbbt. 

hlACLAOAM, The rivers of the Punjab. 8** Pam. liondon, 1885. 

H. E Mbdiioott. 

Maclbat, miliam .— Descriptive catalogue of Australian fishes. 2 Vols. and supplement. 

8° Sydney, 1881-1884. Linnbsan Sooibtt of N. S. WkLBB. 

McAIahob, a. B .—^The Karens of tbe Golden Chersonese. 8” London, 1876. 

B. D. OliDHAK. 

Mallet, Robert. —Notice of some of the secondary effects of the earthquake of lOth 
January 1869, in Cachar, communicated by Dr. Oldham, Calcutta. 
8° Pam. London, 1872. H. B. Mbllicott. 

„ ^ On the probable temperature of the Primordial Ocean of our globe. 8° 

Pam. London, 1880. ^ H. B. Medlicott. 

Mabcou, Jalest and Mabcou, John Catalogue of geological maps of America 

(north and south), 1752—1881, in geographic and chronologic order. 8* 
Washington, 1884. H. B. Mbdlicott. 

Mabsh, Olhniel Cha rles. —Introdiction and succession of vertebrate life in America. 8** 
New Haven, 1877. H. B. Mepucott. 

Maseeltne, Nevil Story .—Notices of Ac. elites. 8“ Pam. London, 1863. 

H. B. Meplicott. 

Meplicott, Henry Benedict, —Artesian borings in India. 8" Pam, Calcutta, 1881. 

* The Authob. 

* „ Further considerations upon artesian sources in the plains 

of U)>pcr India. 8° Pam. Calcutha, 1885. 

Tns Apthob. 

Meek, F. B.—A report on the Invertebrate Cretaceous and Tcrtiaiy Fossils of the Upper 
Missouri country. 4° Washington, 1876. H. B. Mbplicott. 

Meek, F. E, Hall, James, and \yHiTPiELn, R. P .— American Pnlawntology. 4* 
Washingioiv 1877. H. B. Meplicott. 

Melpola, Raphael, and White, TT/Wtawf.—Report on the East Anglian earthquake of April 
22nd, 1884. ^ London, 1886. 

Milne, JoAw.—E arthquakes and other earth movements. 8“ London, 1886. 

Mojsisovics, Edmund »o«.—Arktisohe Triasfaunen. 8“ Para. Wien, 1886. 

The Authob. 

MojaisoviM, Edmund von, and Nbumatb, Melchior.—BeMvigo zur Palaontologie Oster- 
reich-Ungams und des Orients. Band IV, heft 3 — 4, and V, heft 2. 
4* Wien, 1886. 

Mojsisovics, Edmund von, Tibtze, Emil, and Bittneb, .4.— Qrundlinien dor Qeologie 
von Bosnien-Hercegovina. 8“ Wien, 1880. ' H. B, Mbplicott. 

Mubllbb, Ferdimnd »oa.—Observations an new vegetable fossils oPthe Auriferous Drifts. 

8° Pam. Melbourne, 1883. • H.*B. Mbplicott. 

Nbsdit, J>, ilf.—Tide marshes of the United States. 8° Washi/»gton, 1886. 

Home Defabtubbt. 
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NicHoisoir, Senry Monograph of the British Stromatoporoids. Part 1. (Pal. 

Soc.) 4° London, 1886. 

NoETiiiHa, fossile Hai^cbzabne. 8® Pam. —, 1886, The Avthob. 

OiiDHAM, C, P*.—Notes on the lost river of the Indian Desert. 8® Pam. Caicntta, 1874. 

i H. B. Msducott. 

OlDHAii, Siekard Dixon. —Memorandum on the probability of obtaining water by means 
of Artesian Wells in the plains of Upper India. 8° Pam. Calcutta, 1885. 

H. B. Mbdlicott. 

Oldham, Thomas, —Notes upon the geology of the Rajmabal Hills; being the result of exa* 
minations made during the cold season of 1862-63. 8” Pam. Calcutta, 
1864. H. B. Mxdlicott. 

Oliveb, E. J?.—Note on coal and iron in the Punjab. 8** Lahore, 1883. 

H. B. Mboltcott. 

Faldontologie Franfaise. Ire sdrie. Animaux Invcrtdbrds, Terrain Jnrassique. Crinoides, 
Liv. and Boc&ne, iScbinides, Liv. 3. 8* Paris, 1886. 

Fbdlsb, Alexp,nder, —On the past and present water supplies of Calcutta. 8° Pam. Calcutta, 
1880. H. B. Mbdlicott. 

Phillips, John. —Manual of Geology, theoretical and practical. Edited by Robert Etheridge 
and Harry Govier Seeley. 2 vols. 8° London, 1886. 

PoBTBB, Thomas C., and Codltbb, John M .—Synopsis of tie flora of Colorado. 8° Washing¬ 
ton, 1874. H. B. Mbdlicott. 

Foclaih, Ch. —Commission des puits artdsiens h. Foudichdry. 8° Pam. Fondich6ry, 1877, 

H. B. Mbdlicott. 

PoDBTALi:s, X. F. —Report on the corals and antipatharia dredged in the Caribbean Sea 
in 1878-79 by the United States Coast Survey steamer “ Blake.'* 8® 
Pam. Cambridge, 1880. H. B. Mbdlicott. 

Pbbstwich, Joseph.-~‘On the structure of the crag-beds of Norfolk^and Suffolk, with some 

observations on their organic remains. Parts 1-3 8° Loudon, 

1871. " H. B. Mbdlicott. 

„ Geology; chemical, physical, and stmtigraphical. Yol. I. 8” Oxford, 

1886. 

RIjbndbalIla Mitba.—a scheme for the rendering of European scientific terms into the 
vernaculars of India. 8® Pam. Calcutta, 1877. H. B. Mbdlicott. 

Rat, P. iTenry.—*Report of the international polar expedition to Point Barrow, Alaska. 

4® Washington, 1886. Chief Siohal Offjcbb, U. S. Abmt. 

Ricketts, Charles. —On accumulation and denudation, and their influence in causing oscil¬ 
lation of the Earth’s crust. 8® Pam. London, 1883. H. P. Mbdlicott. 

Rilxt, Charles P.—The Periodical Cicada. An account of Cicada Septendecim and its 
tredecim race, with a chronology of all broods known. 8® Pam. Washing¬ 
ton, 1886. ^ Home Dbfabtmbnt. 

Ross, David. —The land of the five rivers and Sindh. 8® London, 1883. R. D. Oldham. 

Rdtlbt, Frank. —Notes on some peculiarities in the microscopio structure of Felspars. 8® 
Pam. London, 1876. H. 6. Mbdlicott* 

„ On some ftructures in Obsidian, Perlite, and Leucite. 8® Pam. London, 

1876. « H. B. Mbdlicott. 

Schubabt, Description et noticer sur rinstallation et I’entretien des Mdtdorographes 
grdveurs de Van Rysselberghe et Schubai't, oonstruits pour compte du 
Ministers des Indes Britanniques. 8® Pam. Gaud, 1880. 

H. B. Mbdlicott 
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Scott, Robert JET.—On the ‘granitic rooks of Donegal, and the minerals therewith associated* 
S*’ Pam. Dablin, ISHS. H. B. Mbdlicott. 

SiUHS, Frederick W .—A treatise on the principal mathematical instruments employed in 
surveying, levelling, and astronofliy: explaining their constrnotion, a^jnst- 
ments, and use. 6th editi<)p. S'* London, 1884. H. B. Mbsucott. 

Simpson, F., Stbbbb, Henry, Hbnbbbson, Alexander , HowblIi, J. A,, Babbbb, F, Mn 
and Fbbnald, F. X.—Tests ot auti-coirosive and anti-fouling paints. 
8^ Pam. Washington, 1885. Homb Dbpabtubmt. 

SoBBT, Henry Clfion .—On the microbcopiral structure of Meteorites. S'* Pam. London, 

1864. * H. B. Mbdlicott. 

„ On the structuie and origin of non-calcareous stiatilied rocks. 8* 

Pam. London, 1880 H. B. Medbicott. 

Sfbncer, J. W .—Elevations in the Dominion of Canada. 8® Pam. Washington, 1884. 

IT. B. Mbducott. 

m 

Standaob, H. C. —Tlie Artists’ Manual of Pigments, showing theii composition, conditions 
of peimanency, non-poimanency, and adulterations; efibets in combina¬ 
tion with each other and with vehicles; and the most reliible tests of 
puiity, together with the Science and Art Department’s examination ques- 
• tions on painting. 8* London, 1886. 

Statistical Atlas of India, piepiued tor the Coloni.il and Indian Exhibition, 1886. Pol. Cal¬ 
cutta, 1886 , Govbunmbnx of India. 

Stevfnson, Xo/iw X—Some notes lespecliiig melainoiphism. 8* Pam, Philadelphia, 1884. 

U. B. Medlicotf. 

Stolicaka, Ftrdmand.—Oo the chaiactei of the Cephalopoda of the South Indian Creta¬ 
ceous Kocks 8° Pam Loudon, 1865. H. B. Mbdlicott. 

Stbacbby, RicJiarck —Pioposals lelating to the mtioduction of now standards of weight 

* and measure lu Biitish India FIs. Pam. Simla, 1867. 

• H B. Mbdlicott. 

Sdfss, Fduard.—Da'i Antlitz der Eido. Abth I. 8" Piag, 1883. H. B. Mbdlicott. 

Tbnnant, Jamei Franen —Repoit on obsoivations of tho totil eclipse of the sun on 
Decembei llth.l2th 1871, made by ordei of the Govoinment of India 
at Dud<ibetta, near Ootacamand. 4° Pam. Loudon, 1875. 

• H. B. Mbdlicott. 

TiBTZB, Einigp bemekungen uber die bildung von Quortlialern. Folge2. 8“ Pam. 

Wien, 1883. • H. B. Mbdlicott. 

TsrHEBMAi/ Gustav.—Die bildung der Meteoriten und der Vulcanismus. 8“ Pam. Wien, 
1876. H. B. Mbdliooti. 

WaDBWOBTH, M. E —Notes on the geology of theii on and coppei distiicts of Lake Snperior. 

’ 8" Cambiidge, 1880. H. B^ htBDLicoTT. 

On the oiigin of the iron ores of the Maiquotte district. Lake Superior. 

” 8® Pam. Boston, 1880. TI. B. Mbdlicott. 

Walcott Charles DoohUle.—Ovi the Camhiian Faunas of North America. 8® Washing- 

ton, 1884. IT. B. Medlicott. 

„ Paleontology of tlioEuieka distiict.® 4® Washington, 1884. 

" * H. B, Mbduoott. 

White. Charles A.—On Mesozoic Fossils. 8® Pam. Washington, 1884, 

^ H. B. Mbducot*. 
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Whitx, Charles A.-—On the Mesozoic and Cenozoio Paleontology of Califocnia. 8” Pam. 

Washington, 1886. H. B. Mbbucoct. 

Whits, Charles A., and Nichoisou, Henry ^;%»e.--BibliogTaphy of North American 
Invertebrate Paleontology. 8° Washington, 1878. 

H. B. Msduooit. 

Whithbt, J. D.—The auriferous gravels of the Sierra Nevada of California. Parts 1>2. 

4" Cambridge, 1879-1880. H. B. Mbducoxt. 

Williams, Albert.-~-Qold and silver conversion tables giving the coining values of troy 
onnces of fine metal, and the Treights of fine metal represented by 
given sums of United States money. 8° Pam. Washington, 1883. 

H. B. Mbolioott. 

Williams, Henry S.—Qn the fossil faunas of the Upper Devonien along the meridian of 76® 
aOf from Tompkins County, N. Y., to Bradford County, Pa. 8® Pam. 
Washington, 1884. H. B. Mbdlioott. 

Williams, J. Butler .—Practical geodesy: comprising chain surveying, and the use of sur- 
. veying instruments; levelling, and tracing of contours;. together with 
trigonometrical, colonial, miring and maritime surveying. 2nd edition. 
8° London, 1846. H. B. Mbdlicott. 

WoLTBSSTO^FF, W .—Ucber fossile Prosche insbesondere das genus Palaeobatrachus. Theil 
I. 8” Magdeburg, 1886. Thb Attthob. 

Wood, James .—Elements of Algebra designed for the use of students in the university. 

11th edition. 8° Cambridge, 1841. H. B. Mbulioott. 

Wbioht, Thomas ,—Monograph of the Lias Ammonites of the British Islands. Part YIII. 
(Pat. Soc.) 4® London, 1886. 


PERIODICALS, SERIALS, &o. 

American Jonmal of Science. 3rd series, Tol. XXXI, Nos. 183-185. 8° New Haven, 1886. 

Thb Editobs. 

American Naturalist. Vol. XX, Nos. 2.4. 8® Philadelphia, 1886. 

Annalen der Physik uqd Chemie. Neue folge, Band XXVIl, Nos. 3-4, and XXYIH, No. 1. 
8° Leipzig, 1886. 

Annales des Mines. 8”“ sdrie. Tome YIII., livr. 6. 8® Paris, 1885. 

L'Admihs. DBS Mutbs. 

Annales des Sciences Natnrelles. 6”“ sdrie, Zoologie et Faldontologie, Tome XIX, Nos. 4-6, 
and XX, Nos. 1-2; and 7"*’^rie, Botsnique, Tome III, Nos. 1-3. 8® 
Paris, 1886-1886. 

Annals and Magazine of Natural History. 6th series, Yol. XYII, Nos. lM-103. 6* 
London, 1886. » 

Athenseum. Nos. 3046-3068. 4® London, 1886. 

Beiblatter zu den Annalen der Physik und Chemie. Band X, Nos. 3-4. 8” Leipzig, 
1886. 

Bibliotbhque Universelle. Archives des Sciences Physiques et Noturelles. 3"* pdriode. 
Tome XY, Nos. 1-3. 8° Genbye, 1886. 

Bibliothbqne Universelle et Revue Sursse. S'"* pdriode, Tome XXIX, Nos. 86-87, and 
XXX, No. 88. 8” Lausanne, 1886. 

Botauischer Jahresbericht. Jahrg. XT, Abth. If, halfte 1. 8* Berlin, 1886. 
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TiUet 4f Booka. Iknet^i, 

BoUnisches CtentralUatt. Band XXV, Nos. 10-13, and XXVI, Nos. 1-8. 8* Casse^ 
1886. 

Chemical News. Vol. LIII, Nos. 1372-1384. 4® I^mdon, 1886. 

Colliery Guardian, Vol. LI, Nos. 1316-1827. FoL London, 1886. 

Das Ausland. Jahrg. LIX, Nos. 10-22. 4* atuttgart, 1886. 

Geological Magazine. New series, Decade III, Vol. Ill, Nos. 4-6. 8* London, 1886. 

Indian Engineer. Vol. I, Nos. 1-7. 4° Calcutta, 1886. TnaEMTOB. 

Iron. Vol. XXVII, Nos. 687*699. Fol, London, 1886. 

Journal de Conchyliologie. 3”* sdrie, Tome XXV, No. 4. 8° Paris, 1886. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th series, 
Vol. XXI, Nos. 131-133. 8* London, 1886. 

Mining Journal. Vol. LVI, Nos. 2637-2649. Fol. London, 1836. 

Natures Novitates. Nos. 6-10. 8® Berlin, 1886. 

Nature. Vol. XXXIII, No, 854 to Vol. XXXIV, m. 866. 4® London. 1886. 

Neues Jahrbuch fiir Mineralogie, Geologic, und Paloeontologie. Jahrg. 1886, Band I, heft 
2-3. 8® Stuttgart, 1886. 

Neues Jahrbuch fiir Mineralogie, Geologic, u|id Paloeontologie. Beilage-Band IV, heft 2. 8* 
Stuttgart, 1886. 

Palaconlographica. Band XXXII, heft 2-3. 4® Stuttgait, 1886. 

Palaeontograpbica. Supplement II, Abth 1-5. With 4° plates. 8® and 4® Cassel, 1670> 
1884. • 

Fetermann's Geogiaphische Mitiheilungcn. Band XXXII, Nos. 3-5. 4° Gotha, 1886. 
Petermann’s Geogiaphische Mittheilungcn Snpplemeut Nos 81-82. 4® Gotha, 1886. 
Professional Papers on Indian Engineering. 3id senes, Yvl. lY, No. 13. Fisc. Koorkee, 
1886. Thomason Coiiigb of Civil ENazNSBBiNa. 

Quarterly Journal of Micioscopical Science. New seiies, Vol. XXVI, Nos. 102-103. 
, 8° ^iondon, 1886. 

Zeitsohrift fiir Naturwibseuschafton. Folge 4, Band IV, heft 6. 8® Halle, 1885. 


GOVERNMENT SELECTIONS, REPORTS, Ac. 

Titlea qfBooka. Donora. 

Bbnoal.— -Quarterly Bengal Army List* New series, No. 90, 8® Calcutta, 1886. 

• Govebnhbnt of India. 

Bombat.— Selections from the Records of the Pomlay Government. New series. Nos. 

175-177, & 179*. Flso. Bombay, 1886. Bombat Govbbnuxkt. 

BUBMA.’—Annnal report on the Lighi-houseb oS the coast of Burma for 1886-86. Flso. 

Rangoon, 1886. Cbibf Couuissionbb, Bvbva. 

India.— -Administration report on the Railways in India for 1886-86. Part I. Fisc. Simla, 
* 1886. Govbbnhbnt of India. 

„ statement of the trade and navigation of British India with Foreign 

Countries, and of the coasting trade of the several Pretidencies and 
Provinces, in the year ending 31st March 1886. No. 19. 4® Calcutta, 
1886. Govbbnubnt of India. 

„ Indian Meteorological Memoirs. Vol. HI, part 1, and IV,* part 1. 4® Calcutta, 
1886. ' Mbieobolooical Rbfobtbb to Govbbnubnt of India. 

Memorandum to accompany cbarls of temperature end rainfall of India. By 
Hi F. Blanford. 8® Calcutta, 1886. 

Mbteoboiooical Befobtbb to Gotbbnhent of India. 
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Ilt]>lA.*~Mcteorologica] observatiouB recorded at six stations in India in 1886, reduced and 
corrected, November. 4" Calcutta, 1886. 

Meteo^oi,oqicai Rbpobtbb to Govbbnmest OB India. 
„ Report on the Meteorology of India in 1884 4® Calcutta, 1886. 

MBTBOBOIOdlCAL BePOBTBB TO QoTBBNHBNT OF INDIA. 
„ List of Civil Officers holding gazetted appointments under the (jovemment of 
India in the Home, Legislative, and Foreign Departments, as it stood on 
the let January 1886. 8® Calcutta, 1886. Houb Dbbabtmbnt. 

„ Selections from the Records of the Government of India, Home Department. No. 

206. Fisc. Calcutta, 1866. Govbbhmbnt of India. 

„ Statistical tables for British India. 10th issue. 4P Calcutta, 1886. 

Govbhnjient op India. 

Madbas.— Manual of t^^e adminiatratten of the Madras Presidency. Vol. 1. Fisc. Madras, 

1885. Madbas Govbbnhbnt. 

N.-W. Pboxihcbs. —Gazetteer of the North-Western Provinces. Vol. Xll. 8® Allahabad, 

1886. ^ Govbbnmbnt of the N.-W. Pbovinces. 

PnK^AD.—Report on the administration of the Punjab aud its dependencies for 1884-86. 

< Fisc. Lahore, 1886. Punjab Govbbnmbnt. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 

Baiiaabat.— Annual report of the School of Mines, Ballaarat, 1886. 8° Ballaarat, 1886. 

School of Mines, Ballaabat. 

Batavia.—- Natuurkundig Tijdschrift voor Nederlandsch-Indio. Serie VIII, Deel VI. 8® 
Batavia, 1886. Thb Socieis?. 

„ Nederlandsch-Indisch Plahaalhoek, 1602-1811. Dcel II. By J. A. Van der 
Chijs. 8® Batavia, 1886. The Society. 

„ Notnien v.an bet Babaviaasch Genootschap van kunsten en Wetenschappen. Deel 
XXIir Afl. 4, and XXIV Afl. 1. 8® Batavia, 1886. The Society. 

„ Tijdschrift voor iudischo Taal-Land-en Volkenhunde. Deel XXXl, Afl. 1-2. 

8“ Batavia, 1886. The Society. 

Bbblin. —Sitzungsherichto dcr Ivonig. Prenss. Akademie der Wissenschaften. Nos. 40-62, 
1886. 8® Berlin, 1886-1886. The Academy. 

„ Zeitschrift der Dentschen Geologischcn Gesellschaft. Band XJXVII, heft 4. 

8* Berlin, 1886. The Society. 

Bombay. —Journal of the Bombay Natural Histoi'y Society. Vol. I, Nos. 1-2. 8* Bombay, 
1886. SThb Society. 

Boston.-' Proceedings of the American Academy hf Arts and Sciences. New series, Vol, 
XIII, port 1. 8® Boston, 1886, The Academy. 

Bsdsbbls. —Bulletin de la Socidtd Beige de Gdographie. Annde I, Nos. 1-3; III, No. 3; 
and V, No.-S. 8® Bruxelles, 1877, 1879, and 1881. 

„ Bulletin de la Socidtd Roy ale Beige de Gdographie. Annde X, No. 1. 8® 
Bruxelles, 1886. ' ‘ . The Society. 

„ Musde royal d’bistoirc natnrelle de Belgique. Explication de la fenille de Meix- 
Devant-Virton. Par J. C. Purves. (No maps published.) 8" Bruxelles, 
1886. The Mcsbum. 
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BbussbIiS.—H as^e royol d’histoire natuielle de Belgique. Explication de la feuille de 
BouWr, Wacken, et Tliouroat. Par M. A. Butot. (No maps published.) 
8“ Bruxelles, 1886. ^ Thb Musbvm. 

„ Procbs'Verbal de la Socidtd Royale Malacologique de Belgique, p.p. 81«144. 8° 
Bruxelles, 1886. • Thk Sooibtt. 

Bucabsst.—A unuaire du Bureau Gdologiqiic. Ann^'’ 1882-83, Nos. 1.2. 8" Bucarcst, 1886. 

Geolooicab Bcbbav, Bttcabbst. 

Budapest. —Termdhzeti ajzi Fiizetek. Vol. X, No. 1. 8'’ Bndajiest, 1886. 

The Hunoariav Natiobaz. Museum. 

Bubnos Aibes.—B oletiii de la Academia Nacionnl de Cioncias en Cordoba. Tomo YIII, 
Nos. 2-3 8° Buenos Aiies, 1886. Thb Academy. 

BoFPAto.—Bulletin of the Buffalo Society of Natuial Sciences. Vol. V, No. 1. 8° Buffalo, 
1886. Thb Sooibty. 

Calcutta.— Journal of the Agi icultuial and Hoiticultural Society q£ India. New series, Vol. 

VII, pt. 4. 8® Cahutt.v, 1886. The Society. 

„ Jouiiial of the Asiatic Society of Bengal. New series, Vol. LV, pt. I, No. 1, 
and pt. II, No. 1. 8° Ctjcuita, 1886 Thb Sooieiy. 

„• Pioceedings of the Asiatic Society of Bengal. Nos. I-III. 8° Calcutta, 1886. 

Thb Society. 

„ Palmontologia Indica,^Series X, Vol. Ill, pts, 7-8; and Seiies XIV, Vol. I, 
pt 3, tasc. 6. 4° Ciilcutta, 1885-1886. 

Geological Subtey op India. 

„ Eecorde of the Geological SuiToy of ludia. Vol. XIX, pt. 2. 8° Calcutta, 1886. 

Geological Subvby op India. 

„ llepoits of the Aichieological Survey of India. Vols. XXI—XXll. 8" Calcutta, 

• 188*6. Home Depabiment, 

„ Suney of ludia Depaitment. Notes for Februaiy to April 1886. Use. Calcutta, 
1886. SoBVEY OF India. 

Cambbidoe. —Pioceedings ot the Cambridge Philosophical Society. Vol. V, pt. 6. fa" 
Ciimbiidge, 1886 Thb Society. 

Camdbidgb, Mass, —Bulletin ot tho Museum of Comparative Zoology. Vol. XII, Nos. 3.4. 

. 8° Cumbiidge, Mass., 1886. The Museum. 

„ Momoiis'of the Ameiioan Academy of Aits and Sciences. Vol. XI, pt. 3, 

Nos. 2-3» 4" Cainbiidge, Mass., 1886. The Acadbmt. 

Dbhba Bum.—S ynopsis ol the results of the operations of the Gieat Trigonometiical Survey 
of India. Vol. XHI A. 4" Dchia Dun, 1886, 

Gbsat Tbioonomxtbical Subyby op India, 

Dijon.— Mdmoiies de I’Ac ddmie des Sciences Aits, et Bcllcs-Letties de Dijon. 3“* sdrie, 
Tome VIII. 8® Dijon, 1886. THE Academy, 

Dublin.— Scieiitifio Pioceedings of the Royal Dublin Society, New seiies, Vol. IV, pts. 7-9; 

and V, pts. 1*2. 8* Dublin, 1886-1886. * Thb Society. 

Scientific Transactions of the Royal Dublin Society. Series II, Vol. Ill, Nos. 7-10. 

*’ 4" Dublin, 1886. • • Thb Socibty. 

Edihdubgh.— Scottbh Geographical Magazine. Vel. II, Nos. 8-6. 8" Edinhuigh, 1886. 

The Scottish Geoobapbical Sooibty. 

j Tiansactions of the Royal Scottish Society of Arts. Vol. XI, pt. S. 8" 
Edinburgh, 1886. Thb Sooibty. 
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HjiBBiSBOsa.—Progress Reports of the 2Dd Geological Sorvej of PenDsylTams. AA. Snd 
report, pt. I; A.A. pt. I, Atlas; C,; and T,. 8° Harrisbarg, 1886. 

^SXCOVD GeOLOOIOAIi StTBTET OP PBN»STI.YiJrXa. 

„ Second Geological Survey of Pennsylvania. Grand Atlas. 

Division I, pt. 1. J886. 

„ II, pts. 1-2. 1884 and.1886. 

„ III,pt. I. 1885. 

„ IV, pt. 1. 1886. 

„ V,pt.l. 1(85. Pol. Harrisburg, 1884-1886. 

SbCOND GsoiOQICAn SoBTBT op PENNSTXirABIA. 

Hobabt. —Papers and Proceedings of the Royal Society of Tasmania for 1886. 8” Hobart, 
1886. Thb Sooibtt. 

Ibtbbbatiobai. —Bibliographie gdologique et pal^ontologique de ITtalie par les soins da 
comitd d’organisation da 2*“ Congrbs Gbologique International a Bologne. 
8” Bologne, 1881. H. B. Mbdiicott. 

Lavsabnb.— Bulletin de la Socidtd Yaudoise des Sciences Naturelles. 8”*” sdrie, Yol XXI, 
No. 93. 8** Lausanne, 1886. Thb Sooibtt. 

Li]£gb.— Annales de la Socidtd Gdologique de Belgique. Tome XII. 8° Lidge, 1884-1886. 


Thb Sooibtt. 

liiSBOH.—Section dee Travaux Gdolofpques de Portugal, l^tndo sur les Bilobites et autres 
fossilea des quartzites de la base da^systbme silurique du Portugal. Par 
j! F. N. Delgado. 4” Lisbunne, 1886. 

Gboiooical Subvbt, Pobthoab. 

Lonbob.— 'British Museum (Natural Histoiy). Mineral Depaiiment. An introduction to 
the study of meteorites, with a list of the meteorites represented in the 
collection. 8* London, 1886. ^ ^ The Bbitish Musbou. 

„' Catalogue of the fossil mammalia in the British Musofim, (Natural History). 

Part HI. By B. Lydekker. 8° London, 1886. Thb Bbitish MosBiric? 

„ Journal of the Anthropological InstiUte of Great Britain and Ireland. Yol. 
XY, No. 4. 8° London, 1886. 

„ Journal of the Chemical Society. Nos. 266-281. 8° London, 1886-1886. 

F. B. Mallbt. 

„ Journal of the Iron and Steel Institute. No. II. 8° London, 1885. 

Thb-Ihstitutb. 

„ Journal of the Society of Arts. Yol. XXXIV, Nos. 1738-1760. 8° London, 
1886. , Thb Sooibtt. 

„ Mineralogical Magazine and Journal of the Mineralogical Sociq^. Yol. Yl, 
No. 31. 8* London, 1886. 

„ Proceedings of the Royal Geographical Society. New series, Yol. YlII, Nos. 

3-6. 8” London, 1886. T^ Sooibtt. 

„ Proceedings of the Royal Institation of Griat Britain. Yol. XL No. 79. With 

list of Members for 1886. 8” London, 1886. Thb Thstitutiok. 

M Proceedings of the Royal Society of London. Yol. XXXIX, Nos. 240-241', and 

XL, No. 242. 8° London, 1886-1886. Thb Sooibtt. 

„ Proceedings of the Zoological Society of Loudon. Part lY, 1886. 8** London, 
1886. * Thb Sooibtt. 

„ Transactions of the Zoologitel Somety of London. YoL XL pt. 11, and XXL pis* 
1-2. 4” l^ndon, 1886-1886. , Thb Sooibtt. 

H Quarterly Journal of the Geological Society. Yol. XLII, No. 166. 8* London, 
1886. Thb Sooibtt. 
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HAi>BXD.~BoIetin de la Sooiedad Geografiea de Madrid. Tone XX, Noe. 1«8. M»4yi4i 
1886. Trb SOOIBTT. 

Mabchxstbb.—T iansactioae of the Manchester Geo|pgical Society, Vol. XTlll, pte. 14*19. 

8° Manchester, 1886. Tsb Socinr. 

MsiiBOirBini.—Beport of the Mining Begiatranrfor the quarter ending 31st Decelnher 1385. 

Fisc. Melbourne, 1886. Dbpi. of Mihbs a»d Watbb<sofpZiT. 

Moktbbai. —Proceedings and Transactions of the Royal Society of Canada. Yol. II. 4* 
Montreal, 1886. Thh Sooibtt. 

NAFCB8.~-Rendioonto dell’ Accademia del'd Scienze Fisiohe e MatemaUche. Anno XXII to 
XXV, Nob. 1-8. 4® Napoli, 1883-1886. Thb Acabbkt. 

NbwoastIiB'OB-Ttnb—T iansactions of the North of England Inslitnte of Mining and 
Mechanical Engineers. Yol. XXXY, pt. 2. 8® Newcastle-on-Tyne, 1886. 

Thb Ibsiztutb. 

C)TTAWA.->Sammary repoit of the operations of the Geological and Natoral History Survey 
to Slst December 1885. 8° Ottawa, 1886. Thb Svbvbt. 

Paris.— Bnlletin de la Socidtd do Gdographie. 

* 1" Bdiio, Vol. Ill (1825)--XX (1833). 

3”* sdrie, Vol. I 0834)*-XX (1843). 

' 3”* sdrie, Vol. I (1844)—XIV (1860). 

6”" sdrie, Vol. VII-VIII (1864), X (1866), XIII (1867), XVIII 
(1869), XIXe(Jane No. only), and XX (1870). 

O’"* sdiie, Vol. I (I871)-VI (1873), and VIII (1874)—XX (1880). 
7’“* sdrie, Vol. I (1881)-V (1884). 8° Paris, 1826-1884. 

Thb SooiBTS’. 

„ Compte Rendu des Sdances de la Socldtd de Gdographie. 1882-1884, and Nos. 7- 
10 (1886) 8° Paris, 1882-1884 and 1886. Thb Sooibtt. 

• „ Reoneil de voyages et de Mdmoires publid par la Sooidtd de Gdographie. Tome II, 
IV, VI, VII, and VIII. 4® Paris, 1825-1866. Thb Sooibtt. 

„ Programme d’instiuctions but navigateurs pour I’dtnde de la gdographie physique 
de la Mer. 8® Paris, 1874. The Sooibtt. 

„ Instructions gdndrales auz voyageurs publides par la Socidtd de Gdographie. 8® 
Paris, 1876. Thb ^cibtt. 

Sooidtd de Gdographie. Congrhs International des Sciences Gdographiqnes tenu a 
” Pans du 1” ap 11 Aout*185(6. Compte Rendu des Sdances. 2 Vols. 8® 

Paris, 1878-1880. • Thb Sooibtt. 

Socidtd de Gdographie. liiste provisoire do bibliographies gdographiqnes spddales. 
^ » Par James Jackson. 8® Paris, 1881. Thb ^oibtt. 

„ Flenves de I’Amdrique du Sad, 1877-1879. Par Jules Crevaux. 4® Paris, 1888. 

Thb Sooibtt. 

Notice sur la Sooidtd de Gdogiaphie, fondde on 1821, reoonnue d’utilitd pi|hliqae an 
1827. 8® Paris, 1886. Thb Sooibtt. 

„ Bulletin de la Sooidtd Gdologique de Prance. S** sdrie. Tome XIY, Nos. 2-4. 

8® Paris, 1886. Thb Sooibtt. 

Phuabblthia.—J ournal of the Franklin Institute. 8rd senes, Vol. XCH, Nos. 3-5. 8^ 
Philadelphia, 1886. . • Thb iHSTmm. 

Proceedings of the Academy of Natural Sciences. Part III, 1886. 8f 
Philadelphia, 1886. Thb Aoabbxt. 

„ Proceedings of the American Philosophical Soddty. VoL XXIII, No. 121. 

’ 8® Philadelphia, 1886. Thb ^outt. 
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Pl8A.—Atti della Societa Toscana di Scienze Natural!. Processi Verbal!. Vol. V, pp. 43>68. 

8* Pisa, 1886. Thb Sooibtt. 

PoicB.—Memorie descrittire della Car^ geologica dTtalia. Vol. II. 8° Roma, 1886. 

Thb CoHMtssiov. 

St. PBTEBSBUBa.—Beitrage zur keuntniss des Busaischen Reicbes nnd der angrenzenden 
Lander Asieus. Band VIII. 8° St. Petersbunrg, 1885. 

Imfbbul Acadbmt, St. Petbbsbubo. 
„ Bulletin de I’Acaddmie Itnpdriale dcs Sciences de St. Fdtersbourg. Tome 

XXX, No. 2. 4“ St. Petersburg, 1886. The Acadhmt. 

„ Mdmoires de I’Acaddmie Imperiale dos Sciences. Tome XXXII, Nos. 14* 

18, & XXXIII, Nos. 1>5. 4” St. Fdtersbourg, 1885. Thb Acabbmt. 
„ Bulletin du Comitd Odologique. Tome IV, Nos 8»10. 8“ St. Peters- 
bourg, 1885-1886. The Comhissiok. 

SBiHOHAi.-—Journal of the China Branch of the Royal Asiatic Society. New series, Vol. 

XX, Nos. 5-6. 8’ Shanghai, 1886. The SociBTr. 

Stbabbcbo. —Abhandlungen zur geologischeii specialkarte yon Elsass-Lothringen. Band II, 
lieft 3 with 4" Atlas; Band III, heft 1; <& IV, heft 1-2, '8° & 4® Stress- 
burg, 1884. “ Stbasbbbo Univebsity. 

Stbttq'abt. —Jahreshcfte des Vereins fiir vaterliiudische Naturkunde in Wurttemberg. 
Juhrg. 42. 8° Stuttgart, 1886. 

Stdnby.-— Catalogue of the Echinodermata in the A'lstralian Museum. By E. P. Ramsay. 

Part I. 8® Sydney, 1885. The Museum. 

,, Descriptive Catalogue (with notes) of the general collection of minerals in the 
Australian Museum. By A. Felix Ratte. 8® Sydney, 1885. 

The Musbum, 

„ Proceedings of the Linnean Society of New South Wales. Vols. I-X; and 
2nd series, Vol, I, pt. 1. 8® Sydney, 1877-1886." The Society. 

- „ Transactions of the Entomological Society of New South Wales. Vol. II. 8® 
Sydney, 1873. Linnean Society op New South Wales. 

Tobino.— Atti della R. Accademia delle Scienze di Torino. Vol. XXI, disp. 1-2. 8® Torino, 
1885-1886. The Academy. 

Tobonto.— Proceedings of the Canadian Institute. 3rd series, Vol. Ill, faso. 3. 8® 
Toronto, 1886. Thb Institute. 

Vienna.— Annalen des K. K. Naturbistorischon Holmusepms. Band I, No. 2. 8° Wien, 


1886. 


Thb Museum. 
Band XXXVI, heft 1. 

’Thb Institute. 
Nos. 2-6. 8® Wien, 
Thb Institute. 
Band 48-40. 4® Wien 
Thb Academy. 


„ Jahrbuch der Kais. Konig. Geologischen Beichsanstalt. 

8® Wien, 1886. 

„ Verhandlnngen der K. K. Geologischen Reichsanstalt. 

1886. 

„ ' Denkschriften der Kais. Akademie der Wisseue^haften. 

i884rl885. 

„ Sitzungsberichte der Kais. Akademie der Wissenschaften.— 

Band LXXXIX, Abth. Ill, heft 3-6. 

„ XC, Abth. I, heft 1-6; Abth. II, heft 1-5 j Abth. Ill, heft 1-5. 

„ XCI, Abth. I, heft 1-4; Abth. II, heft 1-3; Abth. Ill, heft 1-2. 
Register zu den* Banden 86-90. 8® Wien, 1884-1885. The Academy. 

Washington.— Aniftial’Teport of the Comptroller of the Currency to the first session of the 
49th Congress of the U. S. 8° Washin ton, 1886. The Cojifcbollbb. 



PART 3.] 


Additions to the Library* 


183 


TitUa of Boohs. is iir v ~4. v i TmT*****^® 

Wa8hi»o®on.—-B ulletin of the Philosophical Society of Washington. Vol. VIII, 8 

Washington. 1886. This Sociott. 

Bulletin of the United States Geological Survey. Nos. 7 and 9-23, 8" 
” Washington. 1884-1886. U. S. Geoiooical Scevet. 

„ U. 8. Geological Survey. Atlas to acfeompany the monograph on the geology 

of the Comstock Lode and the Washoe district. By George P. Becker. 
4’ Washington. 1882. Home Department. 

U. S. Geological Survey. Mineral resources of the United States. 1883-1884. 
By Albert Williams. 8“ Wasbington, 1885. 

U. S. Geoiogxcal Sxtevby. 


Bulletin of the U. S. National Museum. No. 27. 


8° Washington, 1884. 
WnM*! D-bpahtmb-stt. 


Circular instructions relative to deposits by individuals for the survey of 
” public lands. 8° Washington, 1886. ■ Home Department. 

TLir4 annual report of the Bureau of Ethnology to the Secretary of the 
Smithsonian Institution, 1881-82, By J. W. Powell. 4“ Washington, 
lg34 " Smithsonian Institution. 

'■ U. S. Commission of Fish and Fisheries. Report of the Commissioner for 
” 1881 and 1882. 8“ Washington, 1884. Home Department. 

WEttiNGTON.— Colonial Museum and Geological Survey Department. Hand-book of New 
Zealand. 4th edition. By James Hector. 8" Wellington, 1886. 

Geolooicax Subvet op New Zealand. 

Yokohama —Mittheilungen der Deutsohen Gescllschaft fur Natur-und Volkerkunde Osta- 
siens. Heft XXXIV. Fisc. Yokohama, 1886. The Society. 

YoKi^,—Annual report of the Yorkshire Philosophical Society for 1885. 8“ York, 1886. 

AXIS i90Cl£Tza 


July lith 1886, 


OoTcrninent of IndUi Central PrUitlng Office,- 




KECORDS 

0 ? 

THE GEOLOGICAL SURVEY OF INDIA. 


Part 4.] 1886. Bfovember. 


Note on the occurrence of petroleum in, India, hy H. B. Meolioott, Oeological 

Survey of India. (With two plates.) • 

Introductory. 

f 

There is very little indeed to be added to what has been already published 
upon this subject, but occasion demands that it should be noticed in connected 
form and under the light that has within the last few years been generated by 
experience in other regions. From the nature of the case this note will be chiefly 
made up with illustrations from abroad, as a clue to what may be looked for in 
India. The extension of railways on all sides has brought up a vote of urgency 
on the question of fuel, and our masters (through the press) are asking, ‘What is 
the Geological Survey about ? ’ The answer to this question has been within easy 
reach of those who chose to seek for it in the publications of the Survey. Tears 
^;o the little that can be learned from surface examination regarding the habitat 
of petroleum in India—in Upper Burma, Pegu, Arakan, Assam, and (he Punjab*— 
had been set forth, and until the fulness of time there would have been no use in 
repeating it. It is the practice of British Government at home to leave everything 
as far as possible to pnvate enterprise, and it is not nghtly understood that a 
total change of environment requires a change of system. The Survey is not 
equipped for or expected to carry out experiments, and without these on a more or 
less extended scale there was nothing further to be said upon the local conditions 
of petroleum. Now, however, ^anks to our Russian friends, things have improved: 
the great extension of railways in North-western India and the scaroity of fuel 
there, have led to official investigations as to the hidden resources of that all- 
important nmterial. 

2. Already some success has been achieved in that direction, thAmgh the 
determination of Sir Theodore Hope, the Public Works Member of CouncH, to 
test the often-condemned coal of the Salt-range. Those nummulitio coal-measures 
had been repeatedly described and reported on, and provisionally pronounced to 
be unprofitable. They are well exposed throughout an immense stretc^^ of 
countiy from north of Jama in the Sub-Hinialayas, through the Salt-tttnge 
and the SuUman range into Sind. The strongest outcrop ^^^n obs^ved in (he 
^amu hills, far inside the fringing Siwaliks, but in that ground the meaaam are 
terrib^ broken and crushed. In the Salt-range they are of average denelopment 

• B » 
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and aomewliat ^voarably placed for working. . To the sodth they stiH further 
deteriorate, as seen at the well-kpown outcrops of Mach, in the Bolanpass, and of 
Lynyau in Sind. Other outcrops occur well to the north of the Salt-range, 
south of Attock in the GhjtaPahai^ hills, where some money was lately wasted on 
exploration. In all these exposures, on yeiy different strikes, the seam exhibits 
the same feeble development, which is Certainly strange considering the very wide 
range of the coal-forming conditions here at that time; but from the abundant 
observations it was evident that no hope could be given of its improvement in 
any direction. The recent exploration in the Salt-range has not affected that 
judgment. As was to be expected, it has been proved by borings that the coal, 
such as it is, occurs under a considerable area in the Dandot plateau, easily 
accessible by drifts, so as to be economically workable under present conditions. 
A large consumption of imported coal at 3£ a ton would bring any sort of local 
supply into requisition. The best prospect, though not a very hopeful one, oif a 
permanent supply of coal in this region lies in Mr. Oldham’s recent announce¬ 
ment of the possibility of a field of Oondwana measures in Eastern, Bajputana. 

3. The same need has brought the pe^<roleum question to the front, and the 
Government have begun explorations whore the demand is most urgent, %nd with 
fair preliminary success. It is right to mention that this matter has not been 
n^lected in the past: it was taken up seriousli^ nearly twenty years ago, and an 
'expert’ was imported from America to examine the oil-bearing rooks of the 
Punjab. His reports were published in 1869-70; they were not encouraging, so 
the enquiry dropped. That mishap was to some extent due to the popular con¬ 
fusion on the genus * expert ’; and under present arrangements our rulers are of 
course only magnified representatives of popular notions, pperative ('practical) 
functions are almost invariably connoted by the word ‘expert*; and it would 
be well if the term could be confined to that,sense, for though there is no essen¬ 
tial reason why the scientific specialist should not be called an expert, there are 
marked distinctions between the two species, and the confusion of them is often 
fatal. When a man has to be hanged it is important that an expert should 
operate; but it would be a mistake to consult the hangman upon a puzzle in 
criminal law. Yet in matters mineral this error is continually committed by 
business men as well as by those who ought, at least through faith, to know better. 
The illustration from the course of law does not even sufficiently mark this 
blunder in mineral concerns; for here the defect is not only negative .but positiye—> 
the man whose skill has been acquired in dealing with one group of conditions , u 
actually led astray thereby in giving an opinion upon other conditions, his 
knowledge being solely empirical. Mr. Lymar^’s judgments seeped unduly 
cautious, or even partly erroneous, as I had occasion to point out^thi^ yearn ago 
when consulted in the matter.^ There is, however, much excuse f6r anything 
that may have been said or not said even sixteen years ago on this subject, for 
although the petroleum business was the^ in full swing, the information derivable 
from such hasty experience had not been brought together. Even now.tl^e gpiid- 
ance to be obtained^is most precarious; but the reason of it lies in .the protest 

^ Sm Sapplement to the QatelU of India, October 20,1883, p. 1717. Tbsre is-a 
tbe tenth line: for Aefet reud 
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ohAFttiter of pe^lem iiaelf. A little oonsidottttkn of fttmnkr &d» aatiii^ 
the iooroditlotui that this eitotxse is not a ptofesshnoat Snhtezfage. ', 

4. In these days of gpraphio papers, every onO is ^miliar with the woaderfol 
performa;noe 8 af the-spouting wells of Baku ahd Pennsylvania. They form the 
popular standard of n^at a petroleum well'ought to be. This is unfortunsite j 
but a very little reflection on the fact thus* plainly displayed ought to furnish the 
needful antidote to that hasty iuference, suid lead to a rational conception of 
what must be the variable and insomtable distribution of petrpleum. It needs 
no argument to show that a light and slippery fluid, which gashes out at the 
surface under a pressure of 300—100 pounds to the square inch as soon as tapped 
by a bore hole, would certainly not have stayed where it was if it could possibly 
have escaped, and that it would infallibly distribute itself under ground accordii^ 
to the access afforded by the permeability of the surrounding rocks. Tht^ 
pressure is not hydrostatic, as in artesian springs, communicated from a higher 
level within the same closed basin: it is elastic pressure, due to the expansive force 
of the gases that are always generated with the oil, so it is self-acting, independ¬ 
ently of any structural arrangement of the enclosing rocks, although it is, as we 
shall see, controlled in many important ways by that struoture. 

5. Any useful knowledge we can have of mineral deposits depends'on what 
we can discover as to the condition^of their origin and history, and‘for all minerals 
more or less of such knowledge can be attained ; for petroleum, however, this 
knowledge is of little avail, because owing to its mobility it does not abide in 
its birth-place, but slips about in the most insinuating way wherever it gets a 
qhance. It is something to know that there is a dominating effort to ascend; 
though of course, wh^n the upward passage is barred, the oil would penetrate 
sideways or downwards under the elastic pressure of the gases which dlwE^ 
accompany it. It would be easy to follow out these a priori oonsiderations in oonnec- 
tion with the familiar facts of stratigraphy, but the application will be better 
exhibited in actual examples. 

Natubb and Obiqin on Pbtbolbdm. 

k 

6 . A real acquaintance .with petrolenm would require initiation into the 

mysteries of organic chemistry, for it is as protean in its composition as in 
its modes of max^estation; but’it is desirable to have some notion of the snhsianoe 
under discnssfbn. Homogeneous as it seems, petroleum is made up of an indefi¬ 
nite number of distinct compounds of carbon and hydrogen, or hydrooarhons; 
they are gasrons, liquid, or solid, and seem to co-exist in the crude material, for 
they are separable from it, without what is understood as decomposition, by oarefoL 
fractional distillation and by treatment with appropriate solvents. The mc^t im¬ 
portant of these series of compounds are the saturated hydrocarbons known under 
the family name of the parafiK^, represented by the general formula C. tt 

begins with marsh-gas, C H 4 , in which descending, by the gradual increase 
of the oarhen, with a corresponding increase o£ density, to the solid forms»lhe' 
pafaffina prop6t. Holeonlar adenoe' has scarcely yet mai^tered (or at least aim- 
ptlifled) the intiicaoieB of these compounds: within the several series th«d are nu¬ 
merous isoxnerio forms,distinct substances whose empirical formnlee are idenii- 
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eal, also polTmerio l)odies whose fomdla luw iitteg;er multiples of Ihs^sftme pri¬ 
mitive group. The volatile (mflammahle) |n*6perideB natnrtdly im^irtes^^^l^ 
the proportion of hydrogen f but it is evident that speoifio gravity wohld bt 4o 
safe guide on this point in a mized^U, for its inflammability might (Se determihsd 
by the presence of a very small proportion of a lighter oil. Bitumen is the name 
in most general use for this whole class of substances. The solid forms al^ dis¬ 
tinguishable from coal or other like matter by being fusible, and by their complete 
solubility in bi>sulphide of carbon. As occurring in nature the solid forms art 
called asphalt, while the more fluid forma of petrolenm are distinguished as naphtha, 
and the more viscid, tarry kinds as maltha The manufactured products have a like 
clasrifioation: there are the naphthas, principally used as solvents; the less volatile 
distillates are tiie burning oils; the thicker kinds are much used as Inlnicating 
oils; the residual solids are paraffin, naphthalene, anthracene, Ac. Petrolenihs differ 
much in the^ proportrons they yield of those different products; e.g the California 
bitumen contains no paraffin, it also holds a small proportion of nitrogen; both 
facts have suggested the probable derivation of that petroleum from‘animal matter. 

7. It is also desirable to know sometiing of the supposed origin of the bitu- " 
mens; an^ the questions are, whether or to what extent they are connate, (xi innate, 
or introdneed, in the situations where they are found. They would seem prmi 
faoie to he allied to coal: yet the essential dissirfiilarity of the two is what opens 
the door of speonlation regarding petrolenm. We commonly speak of ‘bitnminous 
coal’; but it is inooirect, as coals contain little or no bitumen, altbougb bitamen 
can be obtained from them by destructive distillation, leaving a large residue of 
coke. The production of these oils in this way from shaly coal (unfit for furnace 
use) and from coaly shales, or 'oil-shales,’ formed a very extensive industry before 
iha petrolenm discoveries set in, and it is still flourishing: the production last year 
in Scotland alone amounted tc 62,712,000 gallons of erode oil. The origin of 
coal may be said to be completely known: by the slow transformation in situ of 
vegetable matter through the slow combustion of its less stable elements, ptoduoing 
a constant concentration of fixed carbon, with less uid less of hydrogen and oxygen. 
It is fonnd in every stage of transition from turf and carbonized wood down to 
anthracite, in wbiob only the carbon remains. This process is completely natcoal 
and intelligible, and the puzzle is how in the case of petrolenm, if it had an anato- 
gons origin from organic matter, the exactly opposite resnlt—‘aCqpoentration of 
the hydrogen element—can have been brought about, for the two axe commonly 
quite similarly located and not seldom associated in the same, seHea dt strattL 
The conjxast is «bibited by a comparison of their composition •with that of 
cellulose, which is tiie basis of vegetable tissue— ^ ^ 



O^lWD. 

4 

nydiogvB. 


9 

« 


. f 

Oellalose . 

44*4 


m , 

Orditittyeoal 

646 

SB 


Petrolewn. 

... . i. . 

86*0 

160 

V V 

svs 

f 













MKA ^ in ttiSk ’llil 

I iliil^Qli^ 'HMm^ fo-^roiblA tb4^liM^#fi»o«o|{(i«£ 

Wa doiti^ a«4 its on^j^ 'testae »^ni|n«fia" 
la l86^%a4i4il>ft<U8W Vnenoh okemist BerthtAolsoocaid^il ia 
of ^ £AiailUSp Hydrocarbons by Tarions processes) snoH as 1^ bvingin|t ■tswp*! 
d^botib acid into contact with Highly Rested metals Hartag; « strd^f al 
lor osygen. Oonditions of this sort being reasoaably assumable aa <J^qw^nfl0 ^ 
great dj^ths underground the possibilities of the theory urere laxnished), andl^lt 
was strenuously sustained in the field by an able geologist, H. Ooquaad, lequa 
his study of the petroleum deposits in Boumania and Albania.^ As agaiust a|i 
org^io origin he considers it final that no residual carboy is found wildi cx usA? 
the petroleum; but while attributing the oil to a wholly independent souroe Ha 
insisted upon its contemporaneity with the deposits in which it is now found I Ha 
asserted that in all times, as now, petroleum found its way to the surface aUd 
there necessarily mingled with whatever deposits were being formed in the urigH'* 
bourhood of its discharge. Under this view the oil would be in a half smisa 
connate with *the beds containing it, although provided ready made j^m^a 
remote source. This is more or less plafisible, and in the famous bitu^n depo¬ 
sits iif pliocene gravels at Selemtza m Albania, where the mineral hu been me- 
traoted for many centuries, he seems to prove a deposit of this nature, such aa 
might now be formed at the Pitch Lake of Trinidad, or elsewhere; hut he intiats 
on the same process for the petroleum of Boumania, where the oil occurs in two 
BOnes of stiff blue clay of eooene anl miocoue ages. The contemporaneity of the 
oil (or its elements) with the deposits seems undeniable, for although the roekaare 
much disturbed the oil keeps constant to the same beds, and it is hardly possible 
that it could have been injected into stiff clays after their consolidation; but it dees 
nStocourto himto explain*how, under this theory, a comparatively light fluid was 
not floated away by the depositing wflters. This obj’ection however recurs^ though 
in a less degree, for any theory of contemporaneous deposition. M. Goqnand had 
a block of the fresh clay brought up from the pit for examination, and he found 
that the ml was not diffused through the mass, hut distributed in little patches with 
thread-like connections. • , 

$. The diffioolty of petroleum being innate (by metamoxpbism), IBee ooal, 
from organio remains lu the beds where it is found, is equally admitted bjr those 
who dei^ its. purely mineral origin: the apparently necessary residuum at eajv 
bon cannot be spirited away by theoyy. A considerable step in the ooal-fomi)i^ 
process is made in the decaying vegetation as it aooumulates under more or less £ree 
aooesss of aih; a farther great step is accomplished under a oompa^tii^y light 
covering a£ later deposits, and there is no stretch of imagination in sn^gjPSUig 
that gf^ual increase of pressure and temperature can aoeomplilh the the 
esoam oftolitii^ elements being all that is needed; but no plausible oonjeotnro 
has MM flmds for the removal of the surplus carbon or for its conversion fay ^e 
aooesB of Hnae hydrogen, to form pebroletfm oat of the some elements as coal; it 
hSs therefeieelieen nzged that this substance fs^cownefe, uot inmii^ An aiip^ 
kssdljf^hin^ibt^ oonjeotnie on this side is, ihat petroleum^ derived from manne 

VtasM, (8) vot. TStY, (ime7), pp. m S 69 , and m xxr 
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vegetation, as coal is ezolnsively from land plants; and that the slow maoetation 
it is subjected to during deposition under water may produce the required result. 
'This view was well put forward by Mr. Leo Lesqaereuz in 1866.^ He remarks 
that Algte thrown upon peat do not leave any trace of organism, but the result¬ 
ing compound is softer and of deeper colour; that AlgcS heaped upon the shore 
promptly decompose into a soft black paste and then into a glutinous fluid which 
sinks into the sand; he even appeals to the green fat of turtles as derived from 
a diet of Algae. He also refers to the frequent occurrence of petroleum in strata 
with fucoidal impressions. He regrets that Liebig was unable to supply him 
with any hints upon the chemistry of the process. Dr. Sterry Hunt, who is espe¬ 
cially an authority on the chemical side, adopts this view in a general way.* He 
admits that the origin of petroleum may be referred to a particular transformation 
of organic matter effected in deep water where calcareous deposition is in progress, 
while similar matter in shallow waters loses a larger proportion of its hydrogen 
and forms coaly deposits (pyroachists). He alludes to the great bank of Sargeu* 
own in the Mfd-Atlantic as a probable seat of such production. 

10. It is true that Mr. D. P. Wall,* from his examination of the bi|umen 

deposits of Trinidad, of which the famous Pitch Lake is but a vraste-pool, 
satisfied himself that the asphalt is innate, being formed from the remains of 
terrestrial vegetation in the shaly sand where it occurs. He attributes its accumu¬ 
lation as irregular masses in the bedding, and the consequent loose texture of the 
shales, to the segregation that took place after the conversion of the diffused 
matter into bitumen. To account for his opinion he accepts as actual Bishoff’s 
formule * showing how by giving off carbonic acid instead of carburetted hydro¬ 
gen fossil wood might turn into bitumen instead of into coaT; but there is some¬ 
thing to be desired in his demonstration that such was the case. The evidence that 
has been principally quoted is Mr. Cniger’s admirable study of some specimens of 
wood more or less changed into bitumen, but Mr. W all does not show ho«V far 
these were representative of the deposit, or that all the specimens may not have 
been what Mr. Cniger (7. e, p. 175) says some of them were, simply *'rotten 
wood impregnated with pitch.*’ There are lignites associated in the same upper 
tertiary deposits with this asphalt. * * 

11. There remains the question whether petroleum may not be an^ interloper 
in its present locations. That it is so in some cases is beyond qn^tion, for it is 
found in force filling fissures in empti\ e mnd oiystalline rocks; and it goes 
without saying that since it reaches the surface it may (or must) take possession 
of any convenient receptacle it comes across in its ascent. , This theory has thus 
a certainty to start with; and we shall see that it is as good ak pr^en that the 
greatest known sources of petroleum were formed in this way—^t&kt the oil was 
not indigenous but introduced where now found. The question of origin remains 
open: whether by direct synthesis from mineral elements, or by distim^on from 
fossil organisms; conditions of distritintion would be to some extent the same 

* Tranasctlona of the American Philosophiosl Society, Vol. XlII, (K. 8.), pp. 8 lt * "W 8 i r 

* Hull. Soe. O^ol. de Prance, (8) Vol XXIV, p. 672 (18S7)* * * ^ Vil 

* Report on the Geology of Trinidad , Memoira of the Oeologieal 8amy (ColoniePh^lAftO. 

* Chetnical and Phyaical Gteology, Vol. 1, pp. 281-88, (1864). 
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in eitber oaie. Tbe distiUate theory has been m^er unfairly bandledki 
chief bone of oontention bdin^ again the xrre]>i«88ibl6 carbon iesidtLnou> 
coal and pyrosohiata are found in their normal state in close proidniify wm 
petrolenm, beoanse the residual carbon is not found with or close by the oih W* 
possibility of deriTation by distUIatiou is ^enied. Or again, because all the nootni 
beloiit a p^roleum bed are not smudged with oih the possibility of its hating 
come from below is rejected. This latter difficulty is the least reasonable^ as 
assumes that the distillate would take the most difficult route to reach its destina¬ 
tion, namely the direct one, across the bedding of the inter^reumg rocks. Under¬ 
ground water does not percolate in this fashion, and why should petroleum, 
whether as liquid or as vapour ? In the latter case too it seems clear that it 
would not be precipitated until it found its appropriate condenser, and thhro 
seems no limit to the circuit or the distance it might have to travel before rmtoh- 
ing that resting-place. Then as regards the great crux, it should be rememheced 
that there are immense stores of residual carbon in the older stratified formations^ 
whether in the state of anthracite or of graphite, both massive and diffused. It 
can hardly be demanded that it should ajlpear in the form of coke: it seems presum¬ 
able that after all the oxygen of coaly or other organic matter had been eliminated, 
the final step in the production of anthracite or graphite, under the influence of 
gentle heat, would be the evolution of hydrocarbons. It has moreover been sug¬ 
gested that for marine animals and plants, which together supply no doubt the 
chief bulk of fossil remains, the proportion of carbon to be aooounted for is much 
less than in the land vegetation.forming the basis of coal. It is to some such 
action as this that Hr. Carll appeals as the origin of the great oil deposits of 
Pennsylvania which he well nigh demonstrates not to be indigenous (either innate 
m connate) in the deposits where it accumulated. As an objeoiion to making this 
process universal, if so foolish an attempt were made, one might urge the imper¬ 
meability of some rocks in which petroleum is found, such as the’ stiff olays of 
Boumauia already refeinred to, or the occurrence of oil in the cavities of fossils in 
the midst of a dense limestone. Both these instances have reasonably been 
taken as cridenoe of indigenous origip; but indeed, when we find geodes filled with 
successive Uyers of minerals in the midst of compact basalt it is difficult to place 
limits upon the possibilities of permeation. 

12. Tho foregoing notice of the current speculations regarding the or%m of 
petroleum slionld be of some service, if only to explain the uncertainty that most 
exist as to its distribution in any particular locality. With so ample a store of 
raw ma teriitf as is provided by fussil.remains in the prodifpons accumulations of 
stiatified rooks; also, with the agency of conversion, by alow increase of pressure 
temperature, provided in the changes to which those rooks are in every degree 
subjected, there is no excuse for appealing to the more or less occult rssrauroes 
of ibe cash's inner laboratory, so this view of the origin of petroleum as a * mineral 
oil' has Wn genetally abandoned, though it might he rasi) to assert that no 
such pheitcrmenon ever took place. The fact that in its most prolific deposits the 
dl » indigenous' b the most salient result of past ezpertenoe; but it is 
folly adoepted tiliat in some deposits it is so, and snob is ^dently a corollary of 
the apprcM mode of ori|^n: the compulsion to leave its birth-plaoe Would be an 
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extra dxeidee of the oosditions that hrotaght «A»at its fomafcion; 

it voold only be the surplus produot that would' have to find aecomffldjhllftt^ 

elsewhere, * 

ThB PBNNSYLVAiriA OIL BSOIOH. '* 

13. The most extensive and most p^notive petroleum region aa yet worhdd. 
is that stretching as a long belt from Canada into Tennessee west of* tlie Appela- 
ohian mountains in eastern North America. The total area of this region is estim¬ 
ated at 200,000 square miles. The great,series of palsaozoic formations, whiph have 
been crumpled up to form the mountain range, are practically undisturbed in Ihe 
oil region, having only a gently undulating inclination, averaging 25 feet in tho 
mile, in a south-westerly direction. In 1885 the yield of oil from this region yfM 
21,600,000 barrels (of 42 gallons each), from 20,000 more or less productive W^Us. 
The richest fields oocu'' in Western Pennsylvania, and a full description pf them^ 
by Hr, J. F. Oarll, was issued by the Qeologioal Survey of Pennsylvania in 1880, 
The section in Jigure 1 of the aimexed plate I is reduced from one given in that 
work. It represents a distance of 225 mi'es. The vertical scale is 20 times that 
of the horizontal scale, so that the apparent dip of the strata is much racaggerated- 
The aocumtllated thickness of the formations amounts to 6,400 feet^ extending from 
the upper coal-measures in the south-west down to (he corniferous-limesione (bottom 
devonian), which forms the Black Bock outcropping in the Niagara river just below 
Lake Erie. In Canada this rock passes again underground and is the principal 
source of the Canadian petroleum; but oil is found at a much lower horizon, in 
the Trenton-limestone (lower silurian), where there is no underlying fossiliferons 
rook'—a fact insisted on by Dr. Sterry Hunt as proving that the oil must be indi¬ 
genous in this limestone. In the same contention this authority also shows that 
the Niagara-limestone (upper silurian) of Chicago at its outcrop still holds 4*25 
pm> cent, of oil diffused in its substance. 

14 Four principal oil groups are represented in the section, within a thickness 
of about 4,500 feet of strata, from the Bradford-saud in the north-east to the 
Mahoning-sand in the south-west. There arejseveral other productive bands of 
less importance. The groups of strata in which these oil beds occur aiw|||OM(W less 
oontinuoas over very large areas, the productive oil beds in each being mhch mora 
restricted. In all cases these beds are sands and gravels, the output of hold 
being proportional to the porosity, thickness, and extent of the 'oil'id(nd.t. 'These 
axe very variable and irregular elements, as is always the case withnoKIlOe depOi< 
sitg. The thickness of an oil-sand has been found to range up tO'120 f^# .Owing 
to the innumerable borings that have been madeyperhaps mosjli pf Without 
success,^ the horizontal distribution of the several oil-sands has {beeHifjvmy closely 
fixed; they mostly have an elongated shape, as is the habit with, sand banks- 
The Bradford field covers about 133 square miles. In every cast ths cihaandl ara 
overlaid by fine imparvions shales. Throughout the greates* part of thq ^ Itgioh 
there was little or.np surface indioation of the occurrence of oil in tWjg^uadf. 
thoo£d>« of oonrae, soch did appear at o;r near the optmop of the 

* Amongst them ww the deepest wen yet lunk in that r^n—Wateon'h W4h M 
8,663 feet deep, of which 2.868 were below ooeau level. 
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15. Ilhfaoi^ i|Lft before tts it itf plain, that tbed^mbotlUi of 
in 'f^on lutl' tei 7 Jittle to saj to geoioipe^l iKn^bsons In their 
(ol»<n)9lqgioal) aense; bnt Mr. Garll notion an a|>parentl 7 impoETtant lthta|l 
jita ¥er^«ai d^trabation. He remarks that aU the pTodnotCre tneaetts^' 
within a Itfvel aone of t,500feet; that althongh a large nomber of deep holea!^i^ 
been put down none hare produced oil at a depth of more than 500 feet hdM^ 
ooean lerbi, and very rarely at more than 2,000 feet from the surface.* 

&» oontraiy appears here to be a universal product, confined to no partionhy^ 
horiaon or locality (1. c, p 111) These hicts pnmd facie suggest that th5 poiH^ 
tion of (he oil was determined by a zone of condensation and of (mtohment df 
volatile products distilled from underlying rocks. The particular ooHditiotM^ 
would agree with this interpretation ■ coarse sand banks are the least propitldns 
ground for the accnmulation of organic matter, while such matter is known to be 
present abundantly in the shaly and calcareous strata underlying throe otbmesSnreS 
to a great depth. The notion that thcf oil occurs iu crevices and cavities has nob 
been obnfirmed by observation in this field, the porosity of the sands themselVTO 
is sufficient Hr Carll is careful not to propound these observations *as of ttni<* 
versa! application, and it is olWious to the geologist how certain conditions 
might alter the figures of the problem, but it is certain that the results are the 
most important contribution as yet made to the question in band. It is now 
generally accepted as proven that for the xhost part the petroleum wiib whidt ths 
'pools' of the eastern North American basin were so copiously charged, was not 
indigenous in those oibsands.’ 

* <>16. It is of greater importance for us to notice how essentially dm wedth of 

these oil measures depends as much upon their actual as upon their original stxati- 
graphioal conditions—-on the fact that the strata are still practically undistorbed. 
The formation of these pools depended upon the prior formation of die more or 
less isolSted lentioalar banks of sand and pebbles, and upon these being motw or 
less hermetically covered by finer .deposits; bat the preservation of diem do> 
pended nd^less upon that«fe.vourable arrangement being undistorbed. The pear* 
mesbiliiy of strata is incomparably more easy along than across tile beddhig; an 
nlmost in^eroeptible film of finer deposit might exercise a vary important mm* 
tfot Upon dm drbnlation of fluids underground It is evidmit that wdtma atsata 
bbemh^kditied and broken, the conditions of ciroulation are whoUy sltei^ i poMnui 
beds that before Were lying flat, and safely coveted over, beocsne tamed up and 
brtiu^i within easiro reach of denudation, whetebj they expose outon^ ht dm 
atufaca^ fir roaoks cfre more or less abundantly formed, ofierii^ Whsambm. 

fora dv9dt Wsia none. A fluid under elastio pressure must avail itscdf 4dl"lm«ih 
fftaea of*meapa from its original prison-house. Throe conditions have been ftdfy 
r(mi%liinld ih practice i in a papmr read before the American Lostitution of 

* fttriter ttnphmiBM tte hUt thst two efl Strops «M Cevi^lli^’la 
the Weartro smapbwiMter broa imind dirmthr hystith m* '?«asadb|^d%'aro 

eiUaad dim^ bromth the Warren group. Xt is net qalteolssr «li«|th«r ro^ the 
Vl U vroflM,er«Wthe irod bedat m roly the fromwewswoulfi be 'rsiiksrkabls*in l^eroneo* 
tipaltisimMaaMthatdihhii^ * 
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Eng^neeis in September 1885, Mr. 0. A. Asbbnmer, Geologist in cbaxg^ ^ Gie 
Pennsylvania Survey, remarks—•“ That the absence of both petroleum and 
natural gas in our plicated strata east of the oibregious is to be espkinSd by* the 
cracking of the rocks would seem to be evident, since the survey of the outcrop- 
ping rocks and a study of the records of jdiy wells show that the oil- and gas-SMids 
extend far beyond the limits of the area of the region in which any traces of oil 
or gas have ever been found. Even within the area where oil and gas-wells 
have been found the cracking or jointing of the rocks must have a potent in¬ 
fluence upon the amount of oil or gas obtained in certain localities.** 

17. Very partial disturbance, such as these measures have undergone, may 

even help the concentration of the oil, which would naturally rise to the highest 
part of a bed that had undergone slight tilting or cnrvation. Uence the craze 
that so long prevailed regarding a connection of oil with anticlinal axes. To a 
certain point it is tru» enough; but on tbe other band an anticlinal axis is the 
most likely position for fractures, and even were the rocks not broken this position 
is obviously the one to be soonest exhausted. * 

18. Although the immense energy displayed in developing the industry of the 

oil fields under notice has given us data for a fair understanding of their stfneture 
and exteni^ it is lamentable that sozue check was not put upon the prodigious waste 
of those great natural and national resources through the reckless competition of 
greedy adventurers. Forests are protected, although renewable; but in mineral re¬ 
sources, which are limited quantities, it is among men and nations a race of * devil 
take tbe hindmost’ in squandering all that can be laid bold of, heedless of the waste 
caused by tbe scramble. The most prolific of gushing wells ere long settle into 
pumping wells; the average life of wells in Pennsylvania is-five years. Already 
there is notice of coming exhaustion in this great region: last year on the oooasv^n 
already quoted, Mr. Ashbumer remarked—“ That the general boundaries of the oil 
regions of Pennsylvania are now well established, thi re is but little doubt; and 
that all the sand in which oil will ever be found in paying quantities are known 
and have been drilled through at different localities in the oil-regions seems quite 
certain, so that we can have no reasonable expectation that any new and exten¬ 
sive field will be found which could compare in area or in the amount of oil to be 
obtained from it with the Butler, Clarion, and Armstrong pool, the Oil City and 
Pleasantville pool, the great Bradford pool or the Allegany pool. * * * It is 
estimated that in July 1883 there were in the region 17,00Q produoii^ wellf^ the 
average daily product of which was 3 8 barrels. In July 1664, tl^re were 21,844 
producing wells, and the average daily product was 3 barrels; and., in July of 
this year'’[1885] it is estimated that -there weJb 22,524 prtdnciig wells, the 
average daily product being 2 5 barrels. A defined territoi^, a'product in¬ 
adequate to meet the demand of the market for the past eighteen mojuths, a 
growing market and rapidly diminishing stocks, an increasing number of drilling 
and producing wells, mid a rapidly falling* daily average product from are 
all significant signk of a certain decline in a great indnstiy.** ^ 

c Bakp. 

19. Tbe only known petroleum region at all comparable as to prodnottveneas 
with tbe great American basin is that of Baku, where the nuage of the Oaoeasas 
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4bd8 ftV Ott^Q iitti & the peruQSiila of Ap^ieMnL It «ill he 
to ete lA whet other featares these nutMOAUeled o^ meiatireB are "ISwe 
geo}(^[ioal iiifoiitaiatiot& regarding the Baku g^rauud is domparafehr^ 
beoause, uotwithstoidmg the prodigious oiftput of oil, the worldttgtt are Sw* 
limited within au area of five sqnaire miles. The wells too ate 
moderate depth, the deepest as yet being only 840 feet.' This would ssintt 
wamnt the judg^oaent that this spot ctm only be the natural focus of a vex^ 10^ 
tensive oil region. In geological age the two measure^ are about as difterbttt<aa 
they could be, the American rocks being lower palseozoio, while those of Bidsu dre 
middle tertiary; but we have already seen that the geological horizon has little 
to say in the matter. The rocks too arc quite dissimilar, beyond the oommoiii 
characters that clays, sands, and limestones of ever^ age must exhibit. The oil at 
Baku is held,in irregular banks of sand between strong beds of clay, with 
some limestone. The critical feature of resemblance it that at Baku also 
the measures are nearly horizontal, and there can be no doubt that the profuse 
abundance of *the supply is immediately due to this condition, and that the oil in 
these sands is accumulated from underling or adjacent rocks. The strata, so far as 
visiblS at the surface, are remarkably wanting in oxganic remains. In figure 21 have 
reproduced Abioh’s section of the Apsheron peninsula at the oil walls, from 
which it is plain that these ai% situated at the crest of a very fiat antidinal. 
The section is copied from the M^moires de I’AcadSmie des Sciences de Saint* 
P4ter8bourg, Ser. vii, Yol. vi, of 1863, but it is quoted up to date as the 
authority, for which Abich’s name is sufficient guarantee. The present (1885) 
annual output at Baku is given os 1,000,000 tons; the 100 wells now active 
melding an averages of about 32 tons per day A single well has given as much as 
140 tons a day for ten years, the oil standing at 51 feet from the surface; it 
ultimately fiiiled altogether. Hbre too incipient local exhaustioa has been 
noticed; in a paper in the Mining Journal of St Petersburg for September 1885 
Hr. F. YssiHeff mentions a marked increase in the proportion of water admix¬ 
ture,* indicating exhaustion of the oil; but in this region it would seem likely 
that there is ample room for extension. 

• 

COHFABISOXS. 

20. In ^very other description I can find of petroleum diggings all over the 
world, so to as intelligible, they differ from the two leading cases already given, 
in the oxroumstanoe that the strata are much disturbed. 

21. The farther exploration of the Punjab oil measures has reqpntly been 
vigorously urged upon tibe Government by a distinguished officer, v4lo Iuub been 
ten times at Baku and made a special study of the petroleum worldugs ther^ 
and who has also examined the Punjab oil measures. His recommendaticms sods 

abased upon the strikiug sihiilarity of the two fields. He observes that **us!ae» 
a g6ol<^^ or expert Imd actually visited the petroleum wdls at Baku, I ihotdd 
not vsalnA his opinion to the reasons that *1 perceive a striking ips^ldattoe 

» Yaalllstt»September ISBB, * 

' t At Ibis water If pTobablp floeffing water (from above), the symptom bt not ao bad aa it 
adgbt drtiberwtie be. • 
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between the constiy and soil near Otinda and that whioh forma ihe ’jiiftltatbn 
peninsala.*' To illnstrate this remarkable obeerwaiioa^ I ha're reprodabod 'in 
figure 3 Hr. Wynne’s section of the Punjab area, from Yol. X of 

Records of the Geological Survey. "It crosses the very place mentioned (dnnda) 
at a short distance north of Fatehjang; the oil occurs in the nummuHtm 
strata, numbered 5 and 6. A comparison of this section with those of fignjcrei | 
and 2 will scarcely bear out the 'striking resemblance* asserted in the quotation 
jast given: the oil measojres of the Punjab are about as much disturbed as hocks 
can be, which fully accounts for the state in which we find the oil; for ages if 
has had free vent at the surface, the only check being the porosity of the oon> 
taining strata. If the example quoted from 2dr. Ashbnmer of the American oil 
measures as represented in the fianks of the Appalachians, were to be Hastify 
taken as a precedent, there would be little hope for the Punjab oil; but the oasee 
are not quite parallel, "and with petroleum no precedent would be safe. Besides 
we have here the crucial fact that there is still oil in the ground, notwithstanding 
the exhaustii^ conditions of the Punjab climate. But any prospect of even a 
distant approach to the Baku standard Innst, I think, bo given up. All the 
Indian oil measures are in about the same geological honzon (eocene) and in much 
the same condition as to disturbance, the Irawadi region least so; but they vary 
greatly in apparent fruitfulness, the Punjab region being decidedly the^east 
promising. 

Califobnian beoion. 


22. I have searched all the accounts I could find of the occurrence of petro¬ 
leum in disturbed measures, for any hints that might be of service in exploring 
our Indian rocks, but with very little success. This is not surprising when nz)r 
certainty in every condition is the rule. Sucl^ works are moreover inoomp^bly 
less extensive in every way—^in area, in the number and depth of the workings— 
apd have consequently received less attention. In America the next most im¬ 
portant measures, but far inferior, to those of the Appalachian basin are found in 
the tertiary rocks of the coast ranges on the Pacific, chiefly in California. ln'> 
formation on this ground is very scanty. Bven in the elaborate report on petro¬ 
leum, drawn up by order of Congress for the tenth census of the United States 
in 1882, Hr. S. F. Peokham mentions the extensive operations of the I^ifio 
Coast Oil Compafiy, but regrets that he was unable to obtain any paf^spnlars in 
reference to the production of their wells. He has tp refer to yeaul^ ^ that 
region generally as confirming the opinion he had expressed after his eiS^i^ttqn 
there in 1866, that “ the expectation of extraordinary results^ tha||Wffl^ admit 
of comiMurison with those produced in Pennsylvania, must be tttt JNtiden Tbe 
expectation of a itat return and a pennmiently profitable investmeni be 
reasonably 'entertained; and the applioation of capital oU thia tiiis 

interest will make it of great importance tc^ the State.” The yneasureSM^ toBe 
chiefly in monntai^us ground, m very distorhed i»mks. There' ^ 
deposiie of asphalt and of maltha at the surface from tbe eyaporat 
petroleum. Even pndei^imd this effeotis observed, and to be 
tion to the ease witii which rain-water could peroolate the strata. Tbf<.0p^ |^- 
marily occurs in strata of shale, interstratified with aandstoueh W 




I^^^HW^btone, i^tlMig^il^ ^ittuej^ea epo«ipedi jn'ti|f 

pa. «[|wnoaa of large size Aor an^4^ &i|^ |»^{Hture 0 | 
d)$tttrlid04;^ Ibx^A OOTidiidoA of the stra^, Ipided ai 
olvded andtt a poakbiliigr/' He considera the oU to he 'hnd^eAOili 

alwj^> Ia hillj ground, and in eudli rocke, ih» oil is often got ^a»^ 

or drxf^, lor which practice a sTuclinal structure of the strata in title rapgr ]i^ 
phyiously l^e most propitious. The exploitation ^of this oil, region |s 4^ 
evidentlj held in abeyance bj the profuse output of the eastern r^iott;^e<^ 
Peokham estimates the yield for the census year at about 1,00Q,00P 

« . 

Europe. ^ 

23. The most producUye oil-ground in Europe seems to be along tiie flanks p| 
the Carpathians—^in Calicia, Boumama (Moldavia and Wallachia), and Tran^j^ 
vania (Siebenburgen)—^wbere of coarse it has received due doctbrial attpntio)^. 
l|£r. Bedwood^ notes the production of orudp petroleum in Galicia forl8o3a0 
iollows, 

. < Cwt. ' 

West Oslicia- 

1. Sandez and Gorliee • * . . . 91,6(X) * 

S Jaalo and Sanoki. 44,VOO 

m, 

East Qahcia— 

8. Sannbor and Drohoby^z ..... 78,600 
4. Eolotnea. 800,000 

410,000 

• 

There trere then 3,500 producing wells. The third district produced In addition 
106,200 cwt. of ozokent (crudeaparaffin wax). The most productive ground 
of the Holomea district was not opened until 1881, and at the end of 1883 it was 
reported to be yielding 550 barrels of oil per day within an area of 1,500 metres 
in length and 350 to 600 metres in breadth. The number and depth of the welb 
are not given. The oil-measures of Galicia occur at several different horizons 
in cretaceous,and,tertiaiy rocks: some of the latter correspond with those Of 
India, and all are, like these, in highly distuibed strata. 

2d, In 1850 M. F. Foett5rl6* mentions that in West Galicia many welts, over 
60 fept d^^, prodnoe at first the not inconsiderable quantity Of ISf gyii^ |a 
the other half being Apparently allowed for aooumtllahkl^ i ^ fe 
skimined the aunfece of the water with which it percolates to tiie woU.* The 
oil oomfli^ from the crevices in a much shattered bWk bitumittoua nhale 
bedded sandstones (eocene). Ho attributes the gradual decline itKtiM»^|||^ddfh 
sto^'^hfttArsl process of production, which he assigns (Without eEX|d«mfciS^ hi 
ihn aI decomposing pyrites sparingly dimeminated through, the tnpdihind* 

infiuenoe of i^o8|dierio agencies. Foetletle 
and Trufkawioe in BastjGatieia48insonmlrh4ilim«ii^''i^^^ 

i«d ttsPiednnsz iotm^'doo. of Aeub Vo|. xxx.iv (i880h]^ lOlk- 

<>fdMifbaoM. kA. Vid Xi V«r)»niUai«»s, pt ISX ^ 
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25. Dr. von Hochstettor * describes the principal oil tract in W’est Qalioia as 
about 14 miles Itfng (B.—W.) by 1 mile broad, near New-Sandecj the others 
being some 40 miles farther east, on the same strike. They appear to oorrespond 
more or less mth the menilite zone ^middle eocene), so called from the frequent 
nodules of menilite (a semi-opal). It is an undulating hill country, dome 2,000 
to 8,000 feet in elevation, forming a bro&d belt between the Carpathian axis and 
the alluvial land on the north-east. The rocks are massive sandstones with 
alternating sandy shales and marly clays, all steeply folded. The wells are from 
four to eleven fathoms deep, the'sinking being continued as the oil gets exhausted 
and until the water becomes too troublesome, when it is found cheaper to open 
other shallow wells. In this way the wells are only from two to three fathoms 
apart. The Mikowka shaft is twenty-one ^thorns deep; at six to seven fathoms 
it yielded about 4 cwt. of oil daily, but the quantity^ diminished as the shaft went 
deeper. There is no stratigraphical observation to account for this, but it may 
be presumed that the shaft passed into less oily beds. The Folinovka pit close 
by is also tv^enty-one fathoms deep, but yielded little oil, and farther work 
was stopped by the influx of inflamma^ble gases. The Ferdinand shaft at 
two fathoms got into grey shaly clay full of oil, but no flow took place till the 
water was I’^ached, when the oil flowed freely. This occurred in several shafts, 
the oil increasing with the flow of water. Tn son^e places, for a square mile in 
extent, the whole ground seems saturated with oil; elsewhere gas and earth.wax 
(ozokerit) are the only signs of tho oil, which probably exists at greater depths. 
Wells close to each other yield quite different quantities of oil, and that only for 
a certain time, when they have to be deepened. It is asked then, What would be 
the prospect of deep borings on the American system ? Upon the supposition 
suggested by M. Foetterle, that the oil is produced near the surface, there wouldi 
be none. But Dr. Hoehstetter remarks that he found neither bituminous shales 
ndr pyrites in any abundance; the beds in which the oil appears are sandy and 
earthy shales poor in “bituminous matter,” occurring in a definite narrow zone 
with a constant strike; and he agrees with M. Foetterle as to the horizon of that 
zone; yet he goes on to say that he considers these rooks to have nothing to do 
with the oil otherwise than as vehicles; that the oil is not indigenous in these 
beds through which it reaches the surface, but is the product of tho destructive 
distillation of organic matter at great depths, in coal-measures or other rooks 
that may be supposed to underlie the Carpathian sandstones. Ht ^dioates 
vaguely the difference of stratigraphical conditions here and ih Pennsylvania 
where the oil-beds are struck at definite horizons, whereas in Galicia it is declared 
that the only chance of abundant oil is by tapping fne of the more or less vertical 
deep-seated fissures through which it rises to be diffused in the crushed strata 
near the surface where it is now slowly extracted. Here, as in other fields, it is 
found that the lighter oil comes from tho gfreater depth. Dr. Hoohstetteris view 
seems like a hasty recoil from the superfic^l origin suggested by M. Foetterle, 
and a too ready extension of that assigned by M. Posepny (to whom he refers) lor 
oil found in certain newer beds in Bast Galicia, connected with the great fold¬ 
ing and fissuiing to whfoh all the strata have been subjected. He regrets''that 

’ Jshrbach d. k.k. Qeol. Bdchanstalt, Vol. XI (186&},^. 199. 
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no ^ts are available to test big views, lor as yet (1865) no boring in East or 
West Gblieia baa exceeded 500 feet, while it would require numerous deep^ 
borings to arrive at any conclusion. '• ^ 

26. The oiLmeasures are much more py^duotive in East dalicia, and ail 

excellent sketch of them was given in 1865 by M. F. Prosepny.^ He distineily 
considers the oil to be indigenous in the bituminous shales with remains of Bshes 
and the bituminoas muds with fuooid remains occurring in the menilite group. 
In the later ofBcial geological map (1871) this group is distinguished as the 
Amphyailen zone, from the abundant remains of the small fish of that name; 
these rocka are also sometimes referred to as the fucoidal beds of the Carpathian 
series M. Posepny considers that the evolution of the petroleum in these beds 
was encouraged by the great dislocations and crushing they have undergone giving 
access to decomposing agents (not mentioned): and the same fraQturing has per¬ 
mitted the oil subsequently to find its way into contiguous ojder and newer rooks. 
The very abundant sources in the soft miocene sandstone at Borislaw are taken to 
be supplied in this way. The workings are described as of the most primitivS 
and wasteful kind shallow pits (scldopi over 20 fathoms) at a few feet apart^ 
to thejiumberjlll 5,000, new and old, within a small area. While in work a, shaft 
yields from 5 to 80 cubic feet daily. • 

27. A much more exact stu^y of the petroleum rocks of Galicia has more 

recently been given by Mr 0 M Paul, of the Austrian Geological Survey.* 
His arrangement of the Carpathian rock-seiies would seem to involve consider¬ 
able changes in the official map of 1H71. The following groups are indicated;_ 

6 The neogone sail mart (lower miocene). 

^ The Mngiirii and Khwa aandatoue. 

• 4. The Meiiilitschiefer. 

8. The eocene Cari^thian sandstone. 

2. The middle Caipathian laudstone. 

1. 1 ho BopianLabchiefor or lower Carpathian sandstone (neooomian). 

'Of these, Hos. 1, 3, 4 and 6 are oil-producing; but of course only in certain bands, 
which locally may be some metres in thickness. The oil mostly occurs in soft 
sandstone although no doubt onginSlly derived from the associated shales abound¬ 
ing in organic remains. Dir. Paul has no doubt whatever that the oil was indi» 
genous in these latter bods, any connection of oil-rock with faulting and fissttring 
of the stratw being only incidental. Thus, in these rocks too the oil is not original 
in the beds in which it actually occurs most abundantly. Here again it has been 
observed that oil appears most frequently along anticlinal axes, but Mr. Paul voty 
sensibly oonhects this with the better exposure of the beds in this poaiiaon, and 
does not at all infer the absence of oil in the synclinal folds whenever they can he 
got at. Actually vertical strata offer the least favourable condition. His remark 
that in the few places where the oil-bearing rooks are little disturbed they hero not 
proved productive, would perhaps need further elucidation; 4or if a general rul^ 
it would certainly imply that the squeezing, with evolutiem* pf heat^ dsewhexn 

* ythrbuoh d. k.k. Osol. R^chanrtalt, Tol. XY, p. 8S1. 

* H. PoMpi^^s figured seetioo is m primitive m the imtiTe minil&g he deseribss. 

* Jahrirach d. k. k. (ieol.|B«iahMiutalt, Yol. XXEl (18S1), pp. 18MC8. 
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experienced had been an effecfaye catuie in the aeonmnlationf H not in theprOdno* 
tion of the oil; the latter would be an instance of ** pressure metamorphism, ” as 
compared with the regional metamorphisni of the same kind appealed to by Mr. 
Carll. Under the foregoing conditions it iS mentioned as obviously nnivisei nn* 
less for purely experimental purposes, to put down a boring or well on the actual 
spot of a natural oil spring; the trial shourd be made at some distancct accord¬ 
ing to the amount and direction of the dip of the oil rook. I have reproduced in 
Plato II a number of figures from Mr, Paul’s paper, they will serve to illustrate 
the structural conditions in such ground; they are diagrammatic (not to scale) 
and few particulars are given as to depths and yield. Of Mraznioa 4) it is 
stated that pits 100 metres in depth had for ten years been yielding about 1,400 
kilograms each weekly; while some had given ten times as much. Both figs. 4 
and 6 represent isoclines,flexures in which all the beds dip in the same direction; 
fig. 4 is on the np-curve side of the flexure, a folded anticlinal, in which the oldest 
beds appear in the axis of the denuded flexure; fig. 6 is on the down-curve side 
of the flexure, a folded synclinal, in which the newest beds are found at the axis 
of the denuded flexure. This latter is then an instance of productive measures 
in a s^clinal; the Polana pits proved very productive. The Scfawdnica workings 
(fifif. p) among the most prolific; the pita are about l^r metres deep.^ 
For a time the Magdalen pit gave 80 cwts. per day, and became steady at 40 cwts. 
The Boryslaw mines (fig. 10) are in the newer'^rocks. They are the principal 
source of ozokerit. The area worked is about 1,950 metres long and 700 metres 
broad, in which some 12,000 pits have been sunk. Some 2,500 are now 
producing oil, and 935 are for earth-wax. The principal shafts are about 160 
metres in depth. The production of earth-wax now is about 250,000 cwts. yearly. 
The output of oil used to be 200,000 cwts., but has fallen lo 35,000 cwts.; the 
winning of the wax is so much more profitable. 


India. 

The Puvjdb. 

28. All the petroleum of India occurs in middle or lower tertiaiy rocks, as 
in Qalicia and at Baku. Within or near the Rawalpindi district of the Punjab 
there are senne 16 spots at which symptoms of petroleum occur. Some of throe 
are veiy insignificant, the product being quoted in teaspoon8ful;,|ihe best (at 
Gunda) yielded for six mouths an average of about 11 gallons a ddy from a 
boring only 76 feet deep. They are all described in Mr. Lyman’s report. 
attempt at a geological correlation of the rock^ at these different looeditiea is 
simply ridiculous; 'but that is of little practical importance for im nediate purposes. 
His views upon petroleum itself are more serious: he seems to have practically 
held to the view that pretroleum is for ever confined to the bed in which its mate- 
rials were deposited; a notion that is demonstrably erroneous for the ^greatest 
known oil source^;‘ and to a very impo^nt extent so in other regloict, as in 
Galicia. Upon an extra arbitrary exerciss this opinion he aotualiy ^ormti|ated 

* From tlia term nsed,—" Qrabe'*—I Infer thnt the extraction it by piit, not tn>i*e*kblai, 
pecialb a« boringi ere wnnetiniee mentioaed; but ao {Mu-Uoalan nm glvoa. 
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& Umit oi dapth (in tlielbed) to be #x|tdetedfttrREiy lOidlS^ 

would be half ihe length of the oixterop along wbleb anj trace of petiN}l9f)Eindi)itii^ 
be found. It is likely that the indioationa given by Hr» Ignnafi for the s^oralfil;{jni 
of these looalitieis are afiCected by these pecipliu views i that a roctain whl<dis^ 
accidental exhibition of oil ooonrred may have been indicated in both diN^ti^iMtS 
as an oil bed. Still, the descriptions and the detailed plans in his report 
an excellent basis for farther explorations, for he seems to have been ag<aod 
surveyor. At first at least, exploration should be Umited to the neighbourho^ o£ 
these natural springs; if it should be proven that these are but a faint incficatiiOli' 
ofniUbearing rocks underground, it mp,y bepermissijble to attempt places where'iiO 
such indications occur. The fact that all these localities occur in about the saute 
geological horizon strongly confirms the opinion that the oil Hes in and about its 
original birth-i^ce; see section fig. 3, pi. I; the oil occurs in the bands nmubered 
5 and 6. 

KhdSan. 

29. The b&st local description of the oil-measures of this North-West region 
is that by Mr B A. Townsend in his'account of the E!h4tan field in the Mari 
hills (3f Baluc^tan, where he has recently carried out some successful borings 
in spite of most trying obstacles, both underground and above it. His report is 
printed herewith. The idontifiditions of fossils and of geological horizons may 
not be quite correct, but we have seon that this is almost irrelevant to the 
question. Not so however the theoretical considerations regarding the origin of 
the oil, for the process of search must be largely luflueuced thereby. The notion 
of any essential connection between petroleum and the salts and sulphurous pro¬ 
ducts that so often* accompany it, is now very generally abandoned, the assooia- 
tion being only incidental, or at most concomitant. There may he deep-seated 
coal beneath all this ground—Mr! Oldham’s suggestion of Gondwana coal-mea¬ 
sures in Bajputaua, at the eastern edge of this geological region, would be a 
direct hint at such a possibility—but there is really no excuse for looking afiir fpr 
what seems to be in our hand: Mr. Townsend’s own description is the most satis- 
fying yet on record that the oil is indigenous in. those eocene rocks, probably iu 
the shales that are described as so densely charged with organic remains, al¬ 
though the associated fractured limestones have afforded Ju their crevioes con¬ 
venient receptacles for the oil I certainly think that this view should be qiu( 
adopted for immediate operations. ^Upon it, the E!h£taa boring would seen^ tq bo 
ut the base of the measures, and may be already below them. A more HkeljssitiO 
would be on outcrop No. 25 of the seotiou, though not necessarily on ^is actual 
line, better at a lower level and where the dip is lowest so as to out as many beds 
as possible. * These shales are described as themselves oil-bearing. The ^naarjlhe- 
conglotuemte,’ the chief oil rock of Mr. Townsend’s report is, I am pretty enre,. 
the 'limestone breccia’ described by Mr. Blanford in his sketch report <m that 
r^on^ as occurring so widely at or •near the base of the lower eooqne seriee, 
Speoimeps of it sent by Mr. Townsend certainly oontained ^uipmulites; and 
sihitan is ooloared as eooexie on Mr. Bhmford’s sketch joap, though he vms not 

* Memoirs, Oeol. Snrv. Ind, Vol. XX, Ft 2. 



202 


Reeordt of tht Qoologieal Survey of India. ' 


[ tol . XIX. 


able to visit that particular ground. I have found, in desoriptiona of vrorka in 
similar measures elsewhere, notice of the great practical difficully mentioned by 
Mr. Townsend of keeping a straight hole in rooks that are much broken or dis* 
tnrbed; the cutter must be reflected^ laterally on strikingf a hard surface obliquely, 
and so be diverted from the plnmb line. I imagine that this difB.cnlty has had 
much to say to the practice in Qalicia df sinking deep pits instead of borings, 
notwithstanding the special advantages of the latter in the extraction of petro¬ 
leum. But for the remark quoted above from Mr. Paul, that the measures in 
Galicia are not so productive where little disturbed, and for the independent un¬ 
certainty of their occurring anywhere on the same horizon, one might recommend 
a splendid place for a speculative triaj boring at the base of the Kirthar lime¬ 
stone near Bchri on the Indus. It will be tried some day. 

Assam. 

30. A brief notice of the petroleum springs in connection with the coal¬ 
fields in Upper Assam was published in 1865, in the Memoirs the Survey, 
Vol. IV, Pt. 3, p. 29, with a recommendation that trial borings should be made. In 
1866 a Calcutta firm obtained a license to explore the ground and commenced 
operationsrin Novoqiber of that year. A short account of this enterprise was pub¬ 
lished in the Survey Becords for 1874, Vol. VIJ, pt. 2, quoting also a distillation 
assay of the oil, as compared with that of Pennsylvania and Bangoon oils. The 
results of the Makum borings were all that could be desired: none of the holes 
were of considerable depth, apparently less than 200 feet, yet in some the oil 
spouted intermittently with a pressure of 30 lbs. to the inch, yielding as much as 
3,500 gallons in 35 hours from a single pipe; the dimonsipns were not given. 
Notwithstanding this superabundant supply the enterprise broke down, owing Vo 
the difficulties of transport from so remote a site. A further notice of the Assam 
petroleum is given in Itir. Mallet’s report on tho Npga Hills coal-fields (Memoirs, 
Vol. XII, Pt. 2), with an enumeration of places where the oil appears naturally at 
the surface. An apparent connection of this petroleum with tho coal occurring in 
its immediate vicinity is more marked than usual. Mr. Mallet mentions having in 
one instance seen oil oozing out of the coal itself. Th^re is nothing, however, to 
confirm the idea of any real connection : this coal is still the most highly ' bitu¬ 
minous ’ coal in India. Thick soft sandstone is thd prevailing rock, but blue clay 
is mentioned as occurring in the borings; all are much disturbed. The exact age 
of these rocks is uncertain; they are more 'likely middle than lower tertiaTy. 
There can scarcely be a doubt that the oil resources of this region are very great. 
At presefnt most of the best ground is within t’te immense concession granted to 
the Assam Bailways and trading Company; but apparently the oil neglected.^ 

Aroian. 

31. The coastt of Arakan, from Cfaeduba island northwards, exhibits an 
immense thicknels of tertiary tucks, chiefly sandstones and shales, crushed to- 

, * 1 recently bod occaeidn to apply to the Manager at Dibmgarh fora barrel of oil, bat wai 

informed that the Company ecarcely got enongh for their own uaee. 
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gather in more or leas vertioal folds. The same rooks and features oontiiute 
northwards through Chittagong and the Tipperah and Imshai hills info Caohar. 
They are separated from a like accumulation of deposits in the basin Of the Ira> 
wadi by the Arakan Yoma (range), oontin^^ed northwards into Manipur, com¬ 
posed entirely of sedimentary rocks, &e oldest of which seems to be of triassio sge, 
with some considerable masses of serpeniUnous eruptive rooks. South of Cheduba 
the coast line is weathered back to the axial rooks, ending at Cape USTcgraiS. 
The region of the islands and the adjoining coast has long been remar^ble for its 
numerous mud volcanoes, caused as elsewhere by the eruption of hydrocarbon 
gases, and also as usual petroleum occurs freely in the neighbourhood and has for 
long been extracted by the natives, supplying an export of as much as 40,000 
gallons a year from Xyoukpyu. The oil is very light and pure, and can be burned 
in lamps without refining. An excellent description of this ground by Mr. Mallet, 
was published in the Becords for 1878, Yol. XI, Ft. 2, giving particulars of the 
mode of occurrence of the petroleum. In 1877 European enterprise was attracted 
to this industry and very promising results were at once obtained: one of the first 
wells, only 30 feet deep with a boring continued 36 feet deeper, gave a flow into 
the well, yielding at first about 250 gaflons a day. In 1879 more extensive works 
were undertaken by the Borongo Oil Company. They started work most energe¬ 
tically, with a largo stafE of skilled workers of all kinds; they set up fwo stills 
of 4,500-gallon and 9,000-gallon capacity; in 1883 they had 24 wells in work 
ranging &om 500 to over 1,200 feet in depth; for a few weeks one well yielded 
1,000 gallons daily, but the total amount of crude oil pumped from 10 wells 
dunng the whole year did not exceed 234,300 gallons, of which they refined 65,450 
gallons and sold the rest in a crude state. In 1884 the Company had to suspend 
payment. In the dfficial report ^ from which these facts are taken there is a naive 
remark that goes far to explain the whole calamity,—" As yet no one in the 
Kyoukpyu field has discovered oil-{>earing strata of the type of the good American 
or of the Caspian field, and so far the business of oil-winmug on a large scale 
has not been a success.” No doubt the promoters of the enterprise, like the 
enthusiast alluded to in para. 21, reckoned on that sort of thing; it is the un¬ 
fortunate mistake .alluded to in pasa 4, yet an mtelligent diagnosis of the ground 
should have warned agaiitst such an expectation. There are no doubt very large 
supplies of high class petroleum to be got from this region, but it must be won 
by suitabl^methods. In Mr. Carll's work on the Pennsylvania oil-fields he bitterly 
li^ents the irretrievable loss of information through the want of intelligent record 
of such costly experiments: of the many thousand borings put down in that region, 
not one reoord in fifty, if obtainable at all, was trustworthy. We mi^ echo the 
same regret here; no doubt useful hints for future guidance might have been 
obtained by intelligent observation of the numerous borings in Arakan . 

Burma. 

* 9 

32. 'Rangoon oil,’ under some other name, was probhbly an object of 
in^nstiy in pre-historio times. For many years it has been a steady article 

* Adminktrafion of British BariUs during 1888-84, p. 81. 
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of trade at Bangoon. It almost all comes from Upper Burma and from neigli« 
bourhood of ^ Yenancbanng on the east side of the Trawadi about 60 zdiles above 
Thayetmyo. The greater part of the produce probably goes to Bangoon. In 1883- 
84 this part amounted to nearly l,00p,000 galldns, mostly taken the Bangoon 
refinery, which produced 640,000 gallons of refined oil during the year. The oil is 
extracted in very primitive fashion, by wells ranging from 100 to 300 feet in 
depth according to position. Some wells yield as much as 200 gallons daily. 
Dr. Oldham when with the mission to Ava in 1855 observed that the measures 
copsist of soft sandstones and shales of middle or lower tertiary age, considerably 
distm'bed.^ They are apparently less so than the oil-measures of Axakan. OUs 
of lighter quality are said to occur to the west of the river opposite Fagan and 
in the Chindwin valley. A notice of the small oil workings in Lower Burma was 
published in the Becords of the Survey for 1870 (Vol. Ill, p. 72), and again in 
1873, in Mr. Theobald’s report on the geology of Pegu.® It is unquestionable that 
the oil resources of Burma admit of an indefinite extension of enterprise; yet the 
country still imports yearly about 2,000,000 gallons of kerosine oil frqm America. 
It is I think a safe prophecy that the oi^-measures of Eastern India may be 
supplying half the world with light within a measurable time when the Ame^can 
oil-pools run dry. 


Beport on the Petroleum Exploration at Kh5tan, hy B.A. Towksekd, Superin- 
tendent of Petroleum Explorations in Baluchistan (Plate I, fig. 4).® 

The Bead from Sibi to Kh&tan v%& Bioraji Hill passes nearly the whole dis- 
tance over the fluviatile deposit which characterizes tho^ 
plains of the Indus and no change is observable until the 
low sand hiUs are reached at Gazi, 24 miles east-by-south from Sibi. 

Thrae low hills continue with a gradual rise until the south side of Bioraji is 
reached; their composition is a coarse semi-compact sand, unfossiliferous, except an 
occasional vegetable marking, with a few ferruginous concretions. They contain 
thin plates of fibrous gypsum, which increase io number and thickness* as Bioraj 
is approached, and all Imve a low dip, chiefly westward. ' 

At Bioraji a sudden change to eocene nummuli^ic rocks is noticeable, andl 
there are not visible any signs of a gradual passa^ through 
miocene and pliocene, to fluviatile rocks, although no 
doubt the space between Gazi and* Bioraji is occupied by miocene and pHooene 
formations. The strata on the south side of Bioraji are very much broken and 
faulted and dip at all angles between the horizonml and vertical * indeed some 
are thrown beyond the vertical, and their original lower has become their present 
upper surface. 


Eocene rocks. 


* Appendix A ofCoknel Tale’s “Narrafaye of*the Miaion to the Court of AvainlSSS** 

reprinted, nrith other papers relating to the geology and minerals of Burma, by order of As Ghisf 
Commissioner Jn 18^2. ^ 

* Mem. Qeol. Surv. Jnd. Ydl. X, Ft, S. 

* See pars. 29 of the preceding paper. 
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ApproAohing Ehitan way of Tliali and tilie Ohabur rivor valley ihe iatne 
conditions prevail until a halting-place, Chafcar Tung, is reached, and here a 
series of low femtginons coarse'grained sand hilb with strong.red colotiriilig; 
these are also unfossiliferous except slight traces of vegetable markings and oon- 
cretions; they are, I think, upper miocene. At Turkhand, a little beycmd this, 
towards Eh^tan, eocene rocks are again abruptly encountered, coming in with 
long straight ranges from the north-west bordering the valley leading to Mandi, 
and here a disturbance has taken place, producing probably a rift, which joi^ 8 
miles further on with a deep synclinal which continues to and beyond the intersect¬ 
ing Sart valley, the latter passing through Khittan. At and near Turkhand the 
Syaclinal. disturbance has been great and the contortions and foldings 

of the strata are surprising. The synclinal and rift form 
the water-course of tho Ghukar river. The fossils found, thus far, differ in no 
way from those found at Khiltan and need not here be considered. 

Entering the Sart valley the outer range on the right begins with a low 
Bart Talley out-cropping of nummulitic liipestone dipping to the north 

* at an angle of 60**. Bands of earthy shale containing 

Cardita are inter-stratified with the limestones, and the latter are composed chief¬ 
ly of sub-angular fragments varying in size from an inch to two feet in i^ameter; 
several of these strata show a thickness of from 3^ to ; a few hundred yards 
behind these is the range proper, the top of which is composed of nummulitic 
limestone, rismg from the synchnal in broken curves, it continues on to the 
south-west, gradually increasing in height until the highest point is reached at the 
Maurani peak, 4,8C|P' above sea-levei. The axis of the range traced thus far, a dis- 
•fcance of about 5 miles, is that of a gentle curve to the south-west with the con¬ 
cave side facing the Kh4tan riven the dip decreasing uniformly from 60^ to 25®, 
end from north to nearly west at Maurani. A little to the south of tho peak what 
appears to be a distiilct and separate range intersects the Maurani ndge very obli¬ 
quely ; but on examination it is found to be a continuation of the original range 
produced by a faultmg of the latter; it continues to bend to the south mid east 
in irregular heights to hpyond the Bioraji pass, and finally sinks down to the 
of range synclinal already named. It will thus be seen that the 

of thb whole range describes an elliptical, or a rather horse¬ 
shoe form/enolosing the Kh&tan valley. 

From the fault on to Bioraji, the rocks are thrown into a great variefy of posi¬ 
tions, vertioal, and at every conceivable angle. Beyond Bioraji the ^p again 
becomes fairly regular and is always at right angles to the axis, outwafd. " 

On the Jower reaches of the river, the rocks are cdmposed of angular ohinohj 
limestons in alternating layers, each abont 15' thick, and between whioh arq* beds 
of earthy shales varying from 3' to 12' in thickness; all these strata are Standing 
at a dip qf 60° towards the north, but>to the south-westward they gpradnally fall 
to about 25*; none of theai<reaoh the crest of tjie ridge, having b^n rpmoYi^ by 
denudation. 

Lying oonfonaahly on the outer stratum of these cldhohy limestones (see see- 
tion, plate I, fig. 4) is a seam of l^wn octal or lignite 
about 20" thick, above and below which are a few inches 
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Marine oonglomerate. 


of what appears to be voloanic ash of sub-aerial deposit, within this seam are 
occasional concretions of ironstone, verj hard and containing iron pyrites, and 
Tarritella, &g. . The coal or lignite <is of no ralue as a fuel, as it contains so 
large a percentage of sulphur and its compounds as to make it unsuited for con. 
tact with iron furnaces or boilers. The deposit is small and erratic, appearing 
occasionally further south-west in the outer range in thin ashy plates with dark 
carbonised markings. 

«A little further up the river bed on the left appears for the first time what I 

have considered to be a conglomerate of marine origin 
on the surface of which are patches, the remains of a fine¬ 
grained dark blue shale-like limestone, which where exposed becomes prominent 
because of its double jointed structure producing angular blocks, the whole 
resembling a ruined fortification. This and the conglomerate are the only rocks 
exposed over the surface of the inner mountain, all original superincumbent rocks 
having disappeared by weathering and denudation. , 

The longest di&meter of the inner movntain corresponds to a line passing 

Inner c ne through its centre nearly east and west, and such a line 

nner cq, e. divides the mountain into two equal parts, one with 

its strata dipping pretty constantly to the north, and those of the other to the 
south—‘in fact, it is a gently folded cone, around the base of which the river takes 
its course from the eastward, the valley embracing the space between this and 
the inner base of the outer range. 

From an elevated position the whole presents the appearance of a voloanic 

crater with a cone in its centre, but only in appearance, as 
Crater appearance. , , . . . . 

not a trace of true volcanic origin is discoverable. « 

A transverse section of the range, valley, and a portion of the cone is shown 
in fig. 4. This section is made to bisect the maidan (plain 
or terrace) on w hich are located two borings for petroleum, 
and is fairly representative of the character of the whole range. 

Beginning at tho top of the range shown in section, we find a prominent and 
heavy stratum of nummulitic limestone, about 300' tl^ick at this point, marked 
Nos. 1, 2, 3, 4. No. 1 is massive of slightly yellow colour and is rather porous 
although very firm ; it is uncrystallized and abounds in nummulites, nautili and 
other molluscs and radiates. Strata 2, 3 and 4, also nummulitic, differ from No. 
1 only in colour and texture, 2 being massivd, of a pale yellow colour, and hard 
and olunchy in structure. No. 3 is identical with No. 1. No. 4 is very white, 
rather sof{ and chalky; all contain nummulites ar^ break with a fracture verti¬ 
cal to their line of bedding in planes, not unlike basalt. Nos. 3, f, 9^ 11, 13 and 
15 are all strong beds of light brown earthy limestone, and between them are 
numerous bands of thin limestone from 1 inch to 1 foot thick, with thiu clay and 
shale bands; all thege are covered with dehris and can only be examined in one or 
two places, but judging from then; broken fragments‘they are all sub-divisions of 
the nummulitic series. No. 6 is a curious combination of angular blocks of white 
limeslone. No. 8 is a hlfeavy seam of very pure white gypsum in many places 16' 
in thickness, extending throughout the whole length of &e range. In many places 
very beautiful markings of pink colour are found, caused no doubt by iron oxide 


Transverse section. 
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In a state of solution. No. 10 is another heavy band of g^y gypsum, in all resp<Wts 
like No. 8, except in colour and co^extensive with it. No. 12 is also gypsnzn, but is 
a thinner deposit, being only about 3' in thickness and less pure than the others; 
all ore unfossiliferous and are beautifully exposed in many places. No. 8, being 
massive, it is quite possible that bloc^ sufficiently large for ariistio purposes 
could be obtained from it. Between Nos. lb and 16 there is a trace of lignite with 
volcanic ash which* appears in an erratic manner on the, top of No. 16. lm<‘ 
mediately above the lignite is a deposit of very friable coarse Shale, weathering 
into mud if wet, teeming with ecbinoderms and small Cardita. Nos. 16, 18, 20, 
22, 24 are all continuations of the clunchy limestones mentioned as appearing on 
the lower reaches of the river; and Nos. 17, 19, 21, 23 correspond to the earthy 
shales between them, but here they have lost their earthy character and are very 
beautifully coloured soft shales, with, in places, enormops quantities of fragile 
carbonized nummuliles which crumble at a touch. No. 25 is a thick deposit of 
silky olive shales with numerous concretions of vegetable origin; the majority 
of them are soft and contain often piqces of carbonized wood in good prese rvation 
No.*26 is a band oi dark brown flint which here appears for the first time; it is 
not uniform in deposition, many breaks occurring, but it can be traced for miles 
always in the same relative po|ition, that is, between Nos. 25 and 27. The latter 
is also a soft olive shale differing only from 25 in having singular and large 
masses which have become indamted, and which have a slaty cleavage and are 
highly carbonaceous. It is in these two deposits of shale that the first traces of 
petroleum are discovered and in several places where vertical faces are exposed to 
the direct sun’s ri^s, bituminous drops and threads mark them with a jet black¬ 
ness. Beyond the concretions named 1 have not discovered any fossils in these 
shales. No. 28 is another band o^ flint of very dark colour of about 1 foot thick¬ 
ness, and is I think throughout composed of sponge spicules ; in many places the 
original sponge form is retained, but so cracked arc they that it is difficult to 
remove one in a perfect condition. 

Wherever this band appears among the low shale hills on the terraces at Siah 
Kuch or elsewhese in the valley splendid specimens of fossil sponges abound, all 
rather large for transport. Besides flints thin plates of fibrous gypsum from to 
1in thickness occur; they are very hard and of dark brown colour, and arc 
scattered through the shales last mentioned and appear to have been formed from 
waters holding in solution sulphate of lime in their passage through openings 


caused, no doubt, by slipping; these plates give a metallic sound when struck to¬ 
gether. iTos. 29—31 are similar to 27, and No. 30 is a repetition of 28. 

Thus far all the rocks exposed are lying conformibly upon each other, and aU 
.. may be said to contain nummulitic fossils, except the last 
Boc B COB orma e. gjjjjgg 31^ thickness of about 


4,600' is exposed, vertical to the line of bedding. 

Having crossed the river bed we enter on rocks quite^ifferent from any so 
far described. No. 32 is a fine-grained hard blue lime- 
' * stone in divirional planes of vaiyoas thickness from 3" or 


4* to 2', and jointed in structure by straight parallel planes of fracture vertical 
to plane of bedding and crossing each other at various angles, ^ome of the 
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Faults. 


Sulphur springs. 


blocks thus produced are singularly umform in ibeir dimensions and wonderfully 
straight and smooth on their surfaces; as before stated^ these resemble a masonry 
wall. Very few fossils are found in them, concretions resembling turtles in fonn 
when extracted, some vegetable markings and one ammonite, are all I have found. 

The ammonite is but a sorry specimen, very much flatten¬ 
ed and outlines, destroyed by pressure, but it is plainly an 
ammonite, and from it and the character of the succeeding rocks. No. 33,1 am 
inclined to believe that all the inner mountain exposures from this point are cre¬ 
taceous, and not, I think, of tertiary age. 

At almost regular intervals the whole of this marine conglomerate covering 
the inner hill is faulted to the west, the exposed face at 
each fault being vertical and of considerable height (in 
one instance over 100'); “ slickensides ” are numerous, and it is probably be¬ 
cause of faulting that the shales No. 31 appear to lie unconformably upon it; as a 
conglomerate it is peculiar, angular pieces of very hard dark limestone and flints 
are embedded in a matrix which is evidently the ooze of a not very deep sea, and 
which has circulated among sponges and angular pieces, embracing them in so 
firm a gi'ip after hardening that a good blow will fracture both matrix and its 
enclosures in a straight plane without deviation. It is highly fossiliferous, orbi- 
tula and othm* foraminifera appearing. 

A little below the cross-section line are several copious spring^ of sulphurous 
waters, which have a temperature of 109° F. at the point 
of overflow; considerable quantities of snlphur crystals 
occur in the stalagmite surrounding them. No doubt quantities of native sulphur 
exist in the rocks below, and very probably the supply of water is obtained by the 
river losing itself'at a higher point of its course, and following a fault which 
appears near the springs. Farther up the hillside are many places where similar 
springs have accumulated stalagmite with sulphur intermingled in past time. 

Petroleum is found exuding close to the sulphur springs and for a consider. 

able distance up the valley; along the edge of the marine 
conglomerate there are beds of bituminous deposit (petro¬ 
leum mingled with gravel and earth) often 15' in depth, while up the hiUsides 
for 200' the debris resting on the conglomerate is blackened by old flowing^ when 
the river bed corresponded to their levels. The hard compact nature of this con¬ 
glomerate prevents the river from denuding it, hence the shales next above 
receive the^ wasting contact of the river torrent, and thus a continuotis lower 
level is beii^ annually made along the edge of the 9 onglomerate, and the sulphur 
waters and petroleum naturally seek the lowest and easiest point o" exit; this, no 
doubt, accounts for the old markings referred to. * ‘ 

Besides these bituminous deposits there are in many of the vertical crevices, 
over a large area, included plates and particles of petroleum which from long 
exposure have lost their volatile components land have become solid and much b‘ke 
ozokerit in character and appearance. 

Within these crevices j[and they are abundant) selenite crystal!^ often contain 
small globules of both solid and liquid petroleum. The slow 
rate of denudation occurring in this almost rainless district^ 


Petroleum. 


Crjetale. 
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when oonaidered with the height at which old flowings are found (200^ aboTO pra> 
sent natural flowings), together with the time required for the formation of natnrat 
crystals, dimly indicates how long petroleum has been escapii^ to the surface in. 
this locality. Its rapid disappearance after escapes is owing to its great speoifio 
gravity, and to the readiness with which*it is converted into a solid easily ground 
and mingled with the gravels of the river b ‘low. 

There are three trial borings for petroleum, one of which is 624' deep, of 4^" 
Borings. diameter. In. the deepest of two of these borings (the other 

is but a shallow one), the following, in order of succession 
downwards, are the rocks penetrated 


(1) Gravel, with bouldora and bitnmen • .. 

« 

(2) Jointed blue limestone. 

(3) Hard marine coiigloineinte with alyindance of flint .... 

(4) Alternating bands of soft bluish shales aud hard flinty limestone witl\ iron 

pyrites. 

(5) Bather haid shalos with pyrites .. 

(6) Dark grey limestone without fossils. 

(7) Soft grey shales •. 


Thiokneu, 

Depth. 

12 

12 

20 

82 

• 

195 

227 

30 

257 

217 

474 

2 

476 

48 

524 


Oil was obtained at 28', at 62', at 92', at 115', at 125', at 133' and at 374'. 

The conglomerate is broken and fractured in all directions, and through these 

Bocks creviced. finds its way upwards, borne on the top of the warm 

waters which accompany it, but while these fractures af¬ 
ford a ready meahs to the miner of “ striHng oil ” they sadly interfere with his 
progress in boring, as the drilling tool in descending must inevitably enter many 
of these crevices at an acute Angle to their planes, and it is almost impossible to 
prevent thi tendency of the tool to follqjv the vagaries of such crevices Mid thus 
produce a “ crooked hole," which is fatal to further progress unless straightened. 
It is, all ro|}nd, the most difficult of rocks in which to construct borings the writer 
has yet encountei*ed. 

A repost of the character of the petroleum obtained here has, in 1884, been 

(harooter of the oU. Government of India, and I need only add 

that owing to infinitesimal particles of sulphurous and acid 
waters being held in suspension witl'an the oil, it is most ^ffioult to distil it. 
These particles in the process of distillation are vapourised at a little over 
212° F., while the oil vapourizes at over 306° F.; the consequence is the vapour 
first'created causes the oil to foam within the stilly and ifnally carries it over with 
it into the condensing pipes bodily, which operation is known to refiners by the 
inelegant terin “puking." The remedy lies in a specially,constructed still, or a 
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mechanical appliance in ordinary stills for beating doi^n the foam, or by a cbemical 
process for removing the waters before distilling is undertaken. 

At present about 1,000 barrels o^crudo oil are being sent to Sibi, for a tborongb 
test as to its suitability for locomotive fuel. 

Both in drilling and pumping the Borings, a considerable quantity of sul¬ 
phuretted hydrogen gas is evolved, but it is not in suf¬ 
ficient quantities to cause a natural flow of oil from the 
tubes. In pumping the oil from the show obtained at 374' we found that it came 
up with the warm water in very small globules, thoroughly mingled with and 
giving the water the appearance of having had snuff thrown into it; at rest the oil 
and water soon separate and the water becomes clear. 

It has occurred to me as a tenable theory that the petroleum of this locality 
^ may be produced by the action of sulphurous acid waters 
combined with alkalies, all at a moderately high degree of 
heat acting chemically upon a deep deposit of coal, or lignite, under, confinement, 
and it may be that all petroleum has a sirqilar origin. It is a fact that all pro¬ 
ducing oil-fields are in strata containing sulphur, salts and alkalies. The Cana¬ 
dian and American fields both retain inexhaustible supplies of saline sulphurous 
waters, some of them sufllciently strong to destroy in a few weeks the iron tubing 
used in pumping. 

Besides petroleum there are no products of economic value hero. If works 
were established for the manufacture of oil it is possible 
that saltpetre, alum, and alkalies might be produced at a 
profit from the manipulation of the shales. Of gypsum there are endless quanti¬ 
ties of excellent quality, but too far from any market, I fancy, to export at a pro 
fit. The entire country round about is barren, save a few tamarisk and other 
scrubby trees, and a few acres of cultivable land. VII the waters available for 
domestic use are charged with sulphate of lime and do not conduce to one’s health. 


Economic rocks. 


< 


Boring Exploration in the Ghhattisgarh Coal-fields, by William King, B.A., 
D.Sc., Superintendent, Geological Survey of India. (With map and plate.) 


1. EaKPITB COAIi-FIBLI}. 

A. Lillari Talley. 

B. Oira Valley, 

* C. Baiaandar ralley. 
D. Pazar Valley. 


2. WBsrBBX Fibldb. 

A. Mand Valley. 

B. ^ Kerbs. 


1. Bampub Coal-field. 

The name Bam^ur Coal-field was adopted by the Central Provinces Govern¬ 
ment for convenience; but the borings have aa a matter of fact been put down at 
likely places on three si^es of .the area originally described^ by Mr. Y. Ball as 


> Rfc. Q. S. of I., IV, p. 101 j and VIII, p. 102. 
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the Raigarh and Hingir Coal.field, or partly in the Sambalpnr District, and 
partly in the Gangpnr State of Chota Nagpur. My own connection with the 
field began with the season 1883-84, when boring sites were selected and the 
mechanical work has been carried out since then by Mr. T. G. Stewart, the 
Assistant Mining Engineer, whose boring journals are given in the appendix to 
this paper. 

The samples of coal so obtained have unfortunately been always more or 
less poor; and as there is no fair indication of any possible improvement 
in other parts of the field, 1 am reluctantly compelled to reqpmmend its abandon¬ 
ment. 

At the end of the season 1884-85, I reported* the general results of the 
exploration up to date in the Lilian Valley section, and they were poor enough. 
The existence of an upper though useless band of coal seams within a moderate 
depth and convenient to the proposed Hingir Road railway station had been 
ascertained; but as there still remained a considcmble southward area of yet 
lower coal-measures with exposures of coal lower down the same valley and 
likewise not too far from the railway *trace, it was decided to prove them by 
further borings at the commencement of the ensuing season (1885-^6) before 
moving the plant to new ground. , No better coals were found, although, I think, 
almost the whole thickness, and all the seams of the Barakars on this the 
southern side of the Hingir plateau were proved. 

A. Lilian Valley .—Six borings were put down with more or loss success over 
about a square mile in the neighbotiiliood of Chowdibahal during the first season; 
and four more, respectively near Kaliabahal Bonjari and Ghanamal, one being 
between the last two Villages, later on : ten in all, of which however it is only 
necessary hero to refer more particularly to seven, viz. Nos 1, 2a, 3, 5, 6, 7^ 
and 8 (see plate). The sites of these are also indicated by the same numbers on 
the Sketch Map, as lying along the right bank of the river. Nos. 1, 2a, and 3 
are at the comers of a triangular area, one side of which (1 to 2a) forms a line 
with Nos. 5, 6, 7, and 8 at right angles to the strike of the beds, or, taken in this 
order of numbers, against the dip wlhch is generally very low to the north-north¬ 
westward; that is. No. 2a Is in the uppermost and No. 8 in the lowest band of 
carbonaceous scales and coal seams of the coal-measures. 

The difl^culty in considering this set of bo^e sections is as to the recognition of 
seams of coal or other strata in twe or more of them; for, as a reference to the 
appendix or the plate will show, there is considerable variation in the thickness 
of the coal seams and in the constitution of the be^ associated with them. 
Fairly well Refined strata, such as the hard band of compact red clay-stone {x 
in plate) belonging to the overlying Kamthis, are however recognizable in bore 
holes 1, 2a, and 3; while there can hardly be a doubt as to the continuity of 
the tolerably similarly constituted band of carbonaceous shales and sandstones 
below, and the coal seam (a). The dip of this coal seam if 4^ bo even is very 
low; in fact, rather lower than the average 1 had calculated on in my first 
■ 

> Rec. G. S. of I., XVn, p. 123. 

• Bee. 0. S. of I., XVIII, p. 196. 
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report. The real condition appears to be that the beds roll somewhat, 
while they are often almost flat, and aro only occasionally at so much as 10° 
to 16° 

Beckoning on this generally low dip, and knowing how necessary it was to 
try and got at good coal as quickly as possible, I ventured on taking the next 
borings at long intervals. The result tends, T think, to show that each of the 
holes along the main line has passed through at least one of the seams of shale 
and coal met with in the preceding bore. Thus, No. 1 has passed through coal 
met with in 2a and 3, and penetrated yet lower strata with coal; No. 5 has 
proved strata occurring in 1, 2a, and 3, and reached yet lower measures; while 
No. 6 encountered the lowest beds in No. 5, and touched others considerably 
below them. 

I have always had my doubts as to the regular behaviour of the bedding ii» 
the interval between Nos. 6 and 8; having been led from indications on either 
side of the country to surmise that there might be hero a roll up from the 
normal low northerly dip. Thus it is difficult to be confident about the connection 
or continuity of the carbonaceous shale ^ands with coal in Nos'. 6, 7, and .8; but 
the presence of an intervening band of more decidedly sandy strata, recognizable 
in each section, leads to the conclusion that ^he shales and coal below them 
belong to the same horizon. 

On this recognition, or connection, of strata in the several bore-holes, and 
taking No. 6 as having reached the lowest coal-bearing beds in its position, I 
calculate that these borings have pierced through an aggregate thickness of 480 
feet, which is not far off my original estimate.^ 

The upper or Chowdibahal portion of the Lillari Valley has been treated of 
in my previous paper; ^ and there is now little use in repeating more than that 
in the 220 feet or so of ascertained coal-measures, Ihore are two permanent seams 
of 6 to 7 feet in thickness, another which appears to merge into a more shaly 
seam, and some smaller seams of a foot or so in thickness. All the coal is bad; 
the average percentage of ash in them being 30 09, except in one case where it 
runs as low as 22*92 in the 4th foot of a 6-foot seam at 69 feet from surface in 
bore-hole No. 4. , 

An outcrop of coal, of which I had ascertained at least a thicl^ess of 4| feet, 
occurs about half a mile lower down the river, to the north-east of Kaliabahal; 
'and I thought it might be perhaps the edge of seam (6) in the Chowdibahal 
holes. Hole No. 5 was put down a short distance to the north of the exposure 
and struck a 9-foot seam pf coal at 37 feet, wh^h at^first sight looks very much 
as if it were after all an outcrop of the seam (a) in No. 1. This may really be 
the condition of affairs; but 1 am inclined to doubt it, mainly indeed on the 
extremely low and almost southerly dip involved in such a relation, and the 
want of correspondence in the beds below as displayed in the further progress 
of the boring, but partly on account of the nearer correspondence of the assays 
of this coal with that of (b) in No. 1. 

* Bcc. Q. S. of I., XVll,p. 129. 

* 0/f. cti., p. 196. 
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Assay. (Foot by foot.) 

Bore-hole No. 6, 87 feet from surfacey seam (fh), 9 feet thick. 
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Assay of 8-feet seam (b) in lore-hole No, 1 at ]43 feet from surfooe, for comparison 
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The coal is bad, eyen inferior to that in seam (a) of the Ghowdibahal ground. 
This bore-hole was run down to 221 feet, disoloaing furth^ seams, two of 
which are orer 15 feet in thickness. They tell the same tale of poorness of 
quality; in &ot, the lower thick seam consists of such worihlras stuff that wo did 
not consider it worth sending down to Calcutta for assay. Two of the samples 
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sent down from the upper 15-feet seam got mislaid in despatch, but their quality 
was on a par with the rest which are given in the following assay 

Bore-hole No. 5, 114 feet from surface^ 15 feet thiidc. 
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The results so far certainly tended to crush any hope of our striking better 
coal in this division of the field; and had it not been that proximity to the rail¬ 
way line demanded the trial of eveiy reasonable chance, I should have preferred 
abandoning the work at this point. As it was, warning was given to prepare for a 
move, pending the hazarding of three more holes on the same line, No. 6 near 
Bonjari, No. 7 a mile further down the right bank of the river, and No. 8 near 
Ghanamal. The only coal of the different seams struck in these holre which 
appeared worth sending down to Calcutta gave this assay:— 


Bore-hole No. 6, seam 7 feet thicket 62 feet from surface. 
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Does not cake. Ash, reddish grey. 


There was clearly no use in holding out any longer at the lallaii Valley, so a 
move was made for what I had already described in my report on the selection of 
boring sites as the next more promising part of the field, thq Oira "Valley section, 
where two seams of coal are exposed at times—according to the scour-—in the bed of 
the river near Dibdorah, one of the villages in the small zemindari of Kodibuga. 

In the meantime, it was intimated td me that the Minister for PubHo Works 
had suggested that the Baisandar Valley on the north-easterly edge of the Hingir 
plateau seemed, from the numerous exposures of coal, to offer better inducements for 
boring with any hope of success. In the original paper by Mr. Ball, there is no 
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partioalar expression of tlie promise of these outcrops; in &ot, he does not hold ont 
much prospect of good coal. I too had learned sufficient of that side of the 
country to infer that these many outcrops would most likely turn out to be repe¬ 
titions of one or two seams through their coming to surface in the windings of the 
Baisandar and its tributary the Jhajia na^a as they flow for some distance along 
the strike of the strata. The look-out was therefore really no better, if indeed as 
good as that at Dibdorah; and, after all in moving the plant round by the Dibdorah 
side of the fleld, there was not much time lost in the transit, while even in case of 
disappointment, there would be the satisfaction of having proved the condition of 
that side of the country. The move was therefore made t 4 Dibdorah. 

B. Oira Valley .—In this part of the field, I had myself in 1884 cut down 
into 12 feet of the coal outcrop on the very edge of the coaLmeasures and 
with the fuel so raised a big camp-fire was kept going every night; only, there were 
always big lumps of partially consumed shale remaining with a great heap of ash 
in the morning. The coal itself was in thin bands with more or less intervening 
shale; but it seemed to me that about 4 feet of the seam dug out so far might be 
taken as fair coal, and T hoped that improvement might bo disclosed by boring. 
The objection to the placo lay in its comparatively difficult approach from the line of 
railway, the DibdorahAeafeuresbeingina very narrow and enclosed valley below 
and on one side of the Hingir plateau. 

Two borings were put down near Dibdorah at about 800 feet apart and nearly 
with the line of dip; No. 1 was carried down 216 feet, and No. 2, close to outcrop 
already mentioned, to 131 feet. The work occupied a month, and was about as 
dismal an operation as could be watched from day to day with the weaiy drawing 
up of the usual disappointing carbonaceous shales and sandstones; and when the 
coal was struck the most of it was hardly worthy of the name. There was really 
little use in sending the samples down to Calcutta for assay, and I got Mr. 
Stewart to make rough experiments in a small iron cup by which we used to ascer¬ 
tain from 30 to 40 per cent, of ash, or perhaps a foot of somewhat better stuff was 
brought up at mtervals which yielded from 17 to 20 per cent. We did however 
send samples from hole No. 2, that is from the seam giving the outcrop whence 
I had extracted and,bumed coal; and here is the result:— 


* Oira Valleyy Dibdorah boring No. 2, 14-feet seam, 47 feet from surface. 
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The whole plant was not however kept at work on these two borings <Uone; 
for another boring was being tried and looked after about 8 miles to the north¬ 
ward close to the railway line near the village of Birapali, whore I tried to get 
through the E[amthis, nearly always a troublesome matter owing to the hard, nature 
of the Bedstones and their frequent conglomeratic constitution. The rocks were 
very hard: it took 11 days to get down through the last 20 feet; and as the season 
was getting on, and the Baisandar field must be tried as a last resource, orders 
were given to stop work on this side of the country. 

0. Baisandar Valley .—The transit across the Hingir plateau was made jrith 
considerable difficulty,; but, leaving Dibdorah on the 26th February, borings were 
in progress in the neighbourhood of Jhaprunga by the 8th March. There was not 
much time for trial between this and the end* of the season (May 1st); the country 
was quite new to us, and considerable local difficulties in the way of labour and sup¬ 
plies had to be overcome, while the mining assistant was badly hampered by sickness 
himself, and sickness among his followers, one of whom (the foreman blacksmith) 
had died at Dibdorah. However, a groat push was made and four holes (one supple¬ 
mentary qn the breaking of a chisel in No, 2) were carried out at likely spots. 
As on other sides of the plateau, except in the Lillari Valley, there is .only a 
narrow belt of the Barakars or coal-measures exposed* in the immediate river 
valley; the overlying Kamthis coming in along the southern side rather quickly 
and forming all the rather high flat-topped group of the Garjan (1,947 feet) hills. 
It would have taken too long to try the ground by a set of holes along the dip, as 
in the 2nd and 3rd of these I should have had most likely to get through Kamthis, 
which practically comes to very slow boring. The thing was to got an idea as to 
whether there was any good seam to work on ; and I chose three sites along the 
strike, that is parallel with the Jhajia nala and the Baisandar after their junc¬ 
tion, at sufficient intervals for any chanbe of improvement in the seams on their 
lateral extension. Sites for holes Nos. 1, 2, and 3 were selected respectively near 
Gopalpali, Batansarai, and Bankibahal. The Butansarai boring had to be aban¬ 
doned owing to the breaking of a chisel short off at the shoulder, which could not 
be extricated; but the supplementary hole 2a sunk further to the south had not 
reached the coal seam by the close of the season. Indeed^ the work could not 
have been carried on any longer; for by that time Mr. Stewart had to be carried 
in to SambalpuT for medical advice a^^d treatment 

A reference to the plate will show the rather varied character of the seams and 
associated strata: and I should have found it difficult to connect them had not 
the notes made by Mr. Ball of the river sections been on record.^ ^In the bore- 
section No. 1 the upper coal seanf with its great thickness of carbonaceous shales 
below and good thickness ,of similar shales and'/coal seams above, answers to the 
rather tliic W outcrop in the natural exposure on the Tikripara ghat. The 25-foot 
seam at the bottom of the bore is on the other ^nd not represented in Mr. Ball’s 
168-foot section on the Baisandar-Jhajia junction (jop. cit., p. 103), though his 
long list of coal rffales, paper coal, Ac., near the bottom may be taken as a repre¬ 
sentative condition of it. Boring No. 2 struck cqal at once abnost (16 feet, seam 
a ), but the thick sandstones and shales below it are not so easily brought into 

* B«c. 0. S. of 1,17, pp. 108-5. 
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oonneotion with the shales below (a) in No. 1, until judged by the light of the 
following extract from Mr. Ball’s paper:— 

In. the bed of the Jhajia river westward &e large seam becomes much broken 
up by interpolations of sandstones and shale^ and with the dying out of the ooaly 
bon^ the change is so complete that it is impossible to recognize it or trace 
any portion of it through successive reaches.” 

The seam referred to here is of shales, and it is just such a change as this 
which would tie in with the rather extreme variation displayed in the two bore* 
holes at either end of the area. The two lower seams of coal in hole No. 2 would 
answer to the thick seam (&) in No. 1. • 

The strata and coal beds met with in bore-hole No. 3, with the exception of 
the upper coal, do not answer satisfactorily to those in 1 and 2, the hole being 
mostly in beds which are below, or lower than those in 1 and 2, the auger having 
almost immediately penetrated a thick coal seam answering to that in the bottom 
of No. 1. The sandstones at the bottom of the measures have evidently also thiok* 
ened out a good deal in the direction of Banldbahal. 

These borings have altogether pierrad an aggregate thickness of about 300 feet 
of Barakars, and have proved the existence of four seams of coal. The coal is how¬ 
ever no belter than that found over the rest of the country; ihatfronrholes 1 and 
3 was not worth assay, though no doubt there are occasional thin bands or lay¬ 
ers of good quality- separated unfortunately by thicker bands of shale. Bough 
assays in the field seldom gave less than 40 per cent, of ash; and similar trials 
of coal teom the outcrops near Eankibahal, the Tikripara ghat, and to the north 
of the No. 1 or Gopalpali boring, confirmed these. 

An exposure close to the Batansarai or No. 2 hole was the other way; in fact 
r omewhat after thehnaimer of the outcrop I have already referred to at Dibdorah, 
in so far as it differed materially^ from the miserable stuff brought up from the 
bore-hole. The outcrop occurs In a small ravine a short distance north of Batan- 
sarai, and Mr. Stewart cleared away about five feet of the seam which is underlaid 
by a band of shale. There are thin layers of shale in this five feet, and one of iron 
pyrites; but four feet from which he took eight samples of each layer or band of 
coal, yielded the following rough aJisays — 
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Fair speoimena from the same layers wero sent to me, and have been tested in 
the laboratory. 


Ooalfrom outcrop near JRatansarai near hore-hole No. 2, Baiaandar galley. 
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Such a difEerence as this between coal at the outcrop and the samples from 
the boro'hole which Hr. Stewart did not think worth sending to Gsdcutta for 
assay is remarkable, though not much more remarkable than that between 
the Dibdorah exhibitions, and it certainly seems ib throw some doubt on estimates 
made on boring samples. Indeed, Mr. Stewart tries to account for the difference 
by an inference that the coal from the bore-hole may often get mixed up with 
a good deal of shale fallen down from the sid^s of the hole, and that the lighter 
coal passes off .in washing. Doubtless such a mixture may take place to some 
small extent, but I do not think appreciably so; ihe hole is always cleaned out 
foot by foot before the chisel is set to work on a &esh 12 inches of descent, 
while the lowering and drawing up of the sludge-pump must as a rule smooth 
off any asperities in the hole fairly well, l^us, the only shale that ordi¬ 
narily fall is such as might be knocked off in the descent of the chisel and 
rods for the next operation, and their withdrawal prior to sending down the 
sludge-pump for the new stuff. Experience In the Ohanda, Bewah, and I think 
in nearly all cases where coal has been wbrked on our boring, has shown 
that the bore-assays give a fair estimate of the capabilities of thf>(Coal, from 
which even a sUght reduction must be made to tally with the results exhibited 
on actual work. ^ 

It must also be noted that it is only the fragments of coal and coaly shale 
obtained from working of the material brought up which are assayed; it being 
more by practice and a knack of sampling and fingering that a boxing expert 
can judge of whether the material can be considered a ooal with more or less 
of shaly partings, or a s%a2e-with more or less of coaly laminae^ or a coal aUog^her. 
1 have fuU confidence in^. Stewart being an expert of this stamp, and an honest 
one too 
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As it is, all the boring sections whioli. we have oanied out agree fairly well 
in their exhibition of the poorness of the seams of coal snoh as it is, and I can 
only come to the conclusion that the outcrop near Batansarai, as well as that near 
Dibdorah, is rather an evidence of local apd rare ooourrenoes of good coal than 
that the boring sections indicate local falling-oE in the quality of the seams gene¬ 
rally. 

It would have been satisfactory had the supplementary boring hfo. 2a been 
carried down even through the scam already met with in ^o. 2, if only as a sort 
of check on its display of evident depreciation on the outcrop, but this could not 
be done; and were it not that the whole evidence is so much against any^improve- 
ment, I would almost like to carry on that hole before removing the boring 
which is now stored at Jhaprunga. • 

In considering the operations which have now been carried out, it is to be 
noted that after all only three sides, except in the upper po:Aiion of the LUlari 
Valley, of this large area have been tested; a considerable portion remaining 
unexplored in the middle or upland of the Hingir plateau. In the first place, 
the most promising portions of these edges have been tested; while I am pretty 
certain from my examination of the outcrops on the north.eastem side, that is, in 
the Dnlunga, or Godadia Valley, Ij^at there is no hope of more promising boring 
in that direction. The Lillari borings near Chowdibahal are only 4 or 5 wilap 
from the Godadia Valley, the interval being covered up by Kamthis; it is ex¬ 
tremely unlikely that there should b ^ any improvement in that interval other than 
perhaps locally and of insufficient extent for railway requirement. There is a 
further place of coal outcrops between the Lillari and Oira Valley sections, namely, 
that of Lakanpur or theJBagdia Valley, where denudation of the overlying Kraniibiff 
has given a bay or broad indentation displaying a good many of the beds and 
some of the seams already met with oft the Lillari and on the Oira. I have exam¬ 
ined the Lakanpur outcrops, and they are just of the character now so well known 
all round the country. 

There remains a long strip of Barakars, showing however no coal, on the south¬ 
western side and in jihe neighbourhood of Hmgir which might tested; but 
I Lave no ground to go on, not even the lingering lhance that here there should 
be for* once in a way a richer part of the field than anywhere else. It will be seen 
presently from my account of the Fazar area of Barakars, some 8- or 10 
to the northf that my abandonment pf this Hingir tract is not due merely to 
opinion and despondency. Next, as for the upland itself which we have not 
attemped to p^n^ate: it is q^de up of the covering Kapithis, which would have 
to be pierced before reaching the Barakars underneath, as a rule to depths rang¬ 
ing up to SOdHleet, the strata themselves being often very hard and intractable. 
This depth at least is not overpowering; but even so, it is a question whether^ 
higher Barakars than those we have touched would be found. 

The ^relation of the Blamthis tp the Barakars in this aTea«]|)as always been 
looked on as one at least of overlap, if not of unconformity, Mr. Ball having had 
rather a strong leanmg to the latter condition. I myself haye only one section of 
what I can look on as showing unconformity, in the Jhajia Valley, and even it is 
obscured by v^hat looks like a land-slip or slide of the Elamthi sandskme oliffis 
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bordering the river over the coal-measnres in the bed. The rirhole facies of the 
oocurronce of the one formation on the other, especiallj along the south-western 
edge of the field, has however gradually led me to concur in Mr. Ball’s view of 
there being an unconformity, evefi if only a slightly discordant one, the difference 
in the general lie being on the whole only slight. If the unconformity exist, 
as we are more inclined to consider is the case, then the coal-measures, 
lying as they do in a flat basin, were planed down to a certain level before the 
deposition of the Kamthis ; and I think I have every reason for considering that 
the Chowdibahal borings were commenced in very nearly, if not quite, the high¬ 
est coal seams left by that planing. On the other hand, if the relation is merely 
that of overlap, these Chowdibahal seams are certainly the highest in the mea¬ 
sures ; and the Kamthis overlying thorn conformably, and therefore also in flat 
basonal form, will i*un somewhat to the deep and merely offer greeter thickness 
for boring than I have suggested above. 

The whole question about the plateau practically turns on any probability of 
the coal in the seams already tried improving to the deep: and on the thickness 
of overling Kamthis to be pierced. Tho first is really after all a matter of opinion 
guided by experience; and I would put it this way : all tho area of the 'plateau 
south of the lino of railway can be very fairly judged of by what we know from 
the borings, and they are against any improvement to the deep thus far. The 
Baisandar Valley, that of Dulunga, and tho denuded inlier of Barakars 8 miles 
north-west of Hingir give very much tho same prospects for the seams to the deep 
on that side, for a considerable distance inwards from the edge of the plateau. 
There remains then an inner tract north-west of tho railway, and west of Hin¬ 
gir, which is practically unworkable owing to the groat thickness of Kamthis, 
and tho extremely uneven and broken condition of that part of the uplahd. ^ 
We have the levels on the railway trace, which is run along the lowest part of the 
plateau, giving about 745 feet as the height of the upper part of the coal-mea¬ 
sures at either edge of the plateau. The Hingir Boad station is at 824 feet over 
sea-level: the top seam of coal in Ho. 2a of the Lillari Valley section is probably 
about 252 feet below tho station: there bei[ng a rise up again of the dip from the 
axis of the basonal lie, whiclurans across about half-way between Chowdibahal 
and tho station. This axis curves round to the north-west after this and runs 
up the middle of the plateau, so that the dip ot the beds from the north-east 
or south-west on either side is towards that line. The coal seams will therefore 
deepen, or are at their lowest in tho tract now under consideration. But the 
country gains considerably in elevation in this line of axis, going porth-west from 
the line of railway,—so considerably indeed that* at least 300 feet of Kamthis, 
and these often of the most intractable kina^from their corglomeiutic and ferru- 
ginously banded constitution, would have to be pierced before the Barakars could 
‘ be touched. The conditions of the ground and the thickness of the upper sand¬ 
stone are here the known factors; the {Irobability of the, coal being better under¬ 
neath is more tban ever a matter of opinion, and I am compelled to &!! back on 
tho simple belief tha|| the probability of such a uhange is very small. 

B. Pazar Valley .—On the northern edge of the Hingir-Baigarh plateau there 

^ ^ Most inefficicatly, and indetd incorractly, dalineated on tho ono-ineb map. 
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is the rather extensive tract o£ Barakars watered by the upper tributaries of the 
Eelo and Eurket Bivers. It was, like all this part of the country, surveyed and 
reported on in a preliminary way by Mr. Ball; while I also had an opportunity 
of seeing iie southern edge in one of my marclses. Every now and then, promis¬ 
ing-looking fragments of coal are picked * up in the lower courses of these two 
streams; but they are always thin and are evidently derived from the 2 to 3 or 
4-inch layers of good coal occurring so freq lontly in the thick seams of carbona¬ 
ceous and grey shales. The only somewhat promising exposure met with by Mr. 
Ball is thus described by him; ^ “In the Bendia (near the mouth), which joins 
the Eelo at Qari, there is a considerable scam— • 

Ateendtng—Dip irregular, touihwards 5°. 

1. Carbonaceous shales, bedding ii regular with some slight coaly layers 


towards base. . 4'—6' 0" 

2 Coal, portions flaky, but for the most part burnable, mui.b wea¬ 
thered .......... 4* 10" 

3. Parting, feiruginous sandstones.0 6" 

4. Flaky coal, with carbonacooni. shal^ excessively weathered aud de- 


“ I think it possible some good coal might be extracted from this seam. In its 
present decomposed condition even, it is easy to see from the manner of weathering 
that good or fair coal exists. The tnicknctiscs given above do not hold for all parts 
of the seam.” , 

Mr. J. G. Goodridge, O.S., Deputy Commissioner of Sambalpur, while on tour 
this year in that part of the country, picked up a large fragment of almost pure 
jetty coal, about 4 inches in thickness, from a shale outcrop. I have not much hope 
of this field, but even were the indfbations better, the field is not at all convenient 
to the line of railway, except perhaps on the western and eastern sides. On the 
latter there is an opening by the Baisandar Valley with a distance of about 40 
miles to Bajpur, where it is proposed to have a station; but the country is deci¬ 
dedly more open t<j the west by the Kurket to its junction with the Mand, in 
which direction there would be about the same distance to the railway crossing 
of the latter river north-north-west of Baigarh. The southern side of the field is 
quite closed in by the rather lofty and scarped hilly masses of the Hingir plateau. 

2.—Wbstkbit Fields, 

There still remains a gr§at area of this Chhattisgai^ coal-measure tract which 
according to some views presents rather more promising indications, and which 
will certainly have to be bored before any newer opinion can be formed on its 
capabilities. So long ago as 1870, Mr. W. T. Blanford brought the Eorba Coal¬ 
field into rather favourable notice and later still, Mr. Ball desenbed the Mand 
Coal-field in some detail*, while 1 ha\e myself daring the la^two seasons’ work 


* Bee. ©."S. of I,, IV., p. 106. 

* Boo. G. S. of I., Ill, p. 54. 

* Bee. G. S. of I., XV., p. 172. 
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with the help of Sub-Aasistant Hira Lai almost completed the siwrey of them 
and the interrening country, also of coal’measnres. 

A. Mand Falley.—This field is the nearer of the two to the line of n^wi^, 
though it gives hut a poor show (Of conveniently acc^ible coal outcrops. It is^ 
about 35 miles long from south to north, the southern end being about 10 miles 
from the proposed railway crossing of the Mand Eiver at 14 miles west-north- 
west of Baigarh. Mr, Ball comes to the following conclusion, based on his 
survey of the eastern side of the tract “ In reference to the economic prospects 
of this valley, I am distinctly inclined to regard them favourably. While it must 
be admitted that the majority of the seams which have been examined, as they 
happen to be exposed, do not disclose coal useful in quantity and‘quality, it 
should be remembered that the sections are much covered and the disturbance of 
the beds (excepting in the few noted instances) has not proved sufficient to give 
anywhere a complete section of the succession actually existing.” 

My own observations were confined to the western side of the valley, o^er 
which ground there are every now and then exposures of shales and coal in the 
stream beds, particularly in tho Bijakhpra, the upper course of which after 
leaving the hills runs for a mile and more in a foot and half band of coal occarring 
in a seveni-foot scam of shales. Lower down this river there are outcrops of yet 
lower shales,—9 feet thick, with thin layers, ovof 18 inches—of coal. Traces of, I 
think, the same seams are met with in most of the watercourses and larger 
streams to the north, but all the seams are poor, and it is only at the extreme 
northern end about Amaldiha that any improvement is observable—as in the bed of 
the Gopal nala, which for several hundred yards is formed by a 2-foot seam 
of very good-looking coal, associated with a 4 to C-foot band of shales. 

Our combined observations tend to the conclusion that the northern half of 
this field bears a strong resemblance to the condj!tion of affairs in the Bampur field: 
perhaps the coal looks a little better, as at Amaldiha; so that Mr. Ball may be 
considered to have formed about the most favourable view possible as to its capabi* 
lities. The worst feature about the northern end is, however, the wild jungly and 
out-of-the-way character of the country, making it so ill-suited for working the 
coal if it even exist in sufficient quantity and quality, an^l tho getting it out of the 
place. 

On the other hand, the southern end, though it be near the line of railway, 
does not show any good coal, and over a great part of it no coal at fdl. At the 
same time, the style of the rocks is promising; that is, tho sandstones struck me 
as having a mores decided Barakar facies of tho right sort (as displayed for in¬ 
stance over the Wardha Valley (Chanda) and in the Godavari Valley,) being mas¬ 
sive and thick-bedded, and of more uniformly f ;e).1o grey or buff oolcuxsj while there 
is a fair display of underlying characteristic Talchirs on either side. At this end, 
there is a quadrilateral tract of some 32 square miles in extent of those sandstones 
which might, I am strongly inclined to think, yield better results than those 
hitherto attained., 'One bore-hole ought to help judgment as to whether there 
will be any use in going on further in that quadrilateral; while, in case of disap¬ 
pointment, a few holes might be run down higher up the valley to save, any 
chance of finding coal within a reasonable distance of tho railway. 
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S. This town is aboni 26 miles north of the railway trace, and ocal 

from any partof its field would have to he carried that, or a somewhat longer—up 
to 30 miles—distance. Its chief coal exposure has the advantage’of haring been 
reported on by Mr. W. T. Blanford, who was«ne of onr most wise and cautions 4z» 
ports; hence it hardly befits me to offer aby qualification on his opinion as to the 
merits of the field, except in so far as it may arise out of my subsequent clos^ sur¬ 
vey of the ground. His report was written in (a-mp (18th April) without having 
had his specimens of coal tested in the laboratory, but n list of their assays (dated 
May 9th) is appended to his paper; and that list goes far to show, not so much 
that the coal was on the whole less promising than he had Anticipated, as’that it is 
really alter all very much the style of coal we have found in the Bampur field, 
and that a similar prevalence of thick bands of shales with, it may be, only thin 
seams of coal is the characteristic feature of the Ghhattisgarh area. Of his Msays, 
there is only one case—and that is in the lower two feet of a 4-foot band in ^e 
great T'O-footseam—of a decent coal, giving:—^fized carbon 60*5 percent., volatiles 
29*6 per cent., and ash 10 per cent. The average ash in his other samples is at 
the rate of 30'7 per cent. The finding of local developments of workable coal in 
this rather large area by boring, will be after all very much like looking for a 
needle in a bundle of hay. Hence the exploration must dbntinue s% hitherto a 
labour of trying likely places within reasonable reach of the railway. Failing that, 
the finding of coal must bo left to \ho luck of private venture. 

The great seam should, of course, be tried first on the selection of sites sug¬ 
gested by Mr. Blanford, Next, a localily or two, somewhat more out of the way, 
but giving a show of somewhat bettor coal, can be tried. The area of oo(d-mea- 
sures stretching to the westward of the Hasdu Biver has been closely surveyed by 
bub-Assistant Hira Lai, and he reports at least one rather good outcrop on the 
Aharan Biver near Sumedha, giviiig 5 feet 3 inches of coal, which yielded the fol¬ 


lowing assay;— 

Moisture.. . 8 82 

Vclatiles (excloBive of tnoistare).SO-OS 

Fixed carton.64*65 

Ash I,...*. 6*80 


lOO-OO 

There is no further exposure, so nothing can be said of the extent of the coal 
to the deep, or laterally. • 

Lastly,^ it is extremely difficult to form an estimate as tp how long it may 
take to complete a sufficient exploration of these areas by boring; but eli far as I 
can see at present, if the Mand Yalley is to be abandoned early, that ground and 
the immediate neighbourhood of Korba might be examined during the coming 
season. On the least encouragement in the Mand, it would however be advis¬ 
able to work slowly and gradually, i^ereby perchance necessitating the keeping 
of the work in that field for the season. * • 
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No. 1 Bore-hole, Lillari Falley. 


Strata paased tbrongb. 


Surface soil and clajs . 

Hard red clay-stone 

Coarse brown sandstone 

Yellow clay «... 

White mottled clay 

Red mottled clay .... 

Yellow mottled clay 

Carbonaceous clay 

„ •shuly sandstone 
Yellow „ „ 

Carbonaceous shale and sandstone . 
White sandstone .... 
Carbonaceous clay and shale . 

Coal . 


Carbonaceous shale and sandstone . 
Coal ... a 
Carbonaceous shale and Coal . 

White shaly sandstone . 

Carbonaceous shaly sandstone 
White sandstone .... 

Yellow shaly sandstone . * . 

Carbonaceous shaly sandstone 

ff shale ... 
Coarse shaly sandstone . . 

Coal ...... 

Carbonaceous shaly sandstone 
Shaly sandstone .... 

Carbonaceous shaly sandstone 

„ shale . . . 

White sandstone .... 

Yellow shaly sandstone . 

Carbonaceous » . . . 

„ and shaly sandstone 
Coal and shade . . . . 

Carhonaceous shale and shaly sandstone 
Coal ...... 

Carbonaceous shale and shaly sandstone 
Coal ...... 


Qrey shaly sandstone , 
Carbonaceous shale , v 

w shaly sandstone 


Tblokness 
olbeda In 
feet. 


Carried over 


166 
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So,l Bore~hol$, LiJUnri —ooutd. 

Broaght forward 


Strata pkued through. 


»S 

$» 


Carbonaceous sbale 

„ sbaly sandatono 
n Sbnlo 

Grey sbaly sandstone 
Carbonaceous shnle and sbaly sandstone 
shale 

sbaly sandstone 
Grey sbaly sandstone 

Coal. 

Grey sbaly sandstone . 

Yellow ff ff mm 

Carbonaceous sbaly sandstone 
jf sbale • « 

Co<d . . . m • . 

Carbonaceous sbale and Coal . 

Coal . 

Carbonaceous shale and sbaly sandstone 

„ „ and grey sbaly sandstone 

White sandstone. 


TMekness 
at hod. in 

Mm 

158 

1 
8 

5 
8 
8 

7 
4 

8 
1 
8 
8 
8 
2 
4 
8 
1 

11 
8 

6 


Toiazi 


226 


Water tapped at 12 feet from surface. Work commenced 8tb December 1884, stopped 5th 
February 1886. • 


Nom 2 Bore-hole, IMlari VaUegm 


Strata passed through. 


Sufface soil and clays . 

Yellow coarse sbaly sandstone 
Yellow and red sandstone , 
Brown and^ellow sandstone . 
Yellow sandstone . 

Brown . 

Yellow and white coarse sandstdne 
Coarse red s^^dstone 
Bed clay-stone . 

Brick red sandstone 
Bed-sandstone . . 

Light-brown sandstone , 


Thickusss 
of bed,in 
tost. 

18 
16 
4 
6 
1 

7 

8 
18 

4 
1 

78 
18 


Total 


169 


Water tapped at 12 feet. Commenced 5tb, abandoned 81st January 1886. 
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2fo. ia BoMkoU, IaUoH Valin. 


Strata puHd throngb. 

Bed sandstone 
Brown sendstone . 

Tellow „ 

Light>brown sandstone 
Dark'brown „ 

Ligbt>brown „ 

Dark-brown » 

Bed 

Light-brown „ 

Red „ 

Bed and brown „ 

Bed olay-stoiie 

Dark-brown and carbonooions shale 
Brown shaly sandstone . 

Bine and brown sandstone 
Bine and grey „ 

Fine blue * „ 

Bine and grey „ 

Slightly carb6naceous fine shaly sandstone 
Carbouaceona shale 

n •> with a little coal and grey shaly sandstone 

„ shaly sandstone 

„ shale 

Grey shniy sandstone 
Carbonaceous shale 

„ shaly sandstone 

„ shale 

shaly sandstone 
„ shale 

Gr^ shaly sandstone 
Carbonaceous shale 
Coal • • • 

Carbonaceous shale 
Grey sandstone^ . 

Cbal • • • 

Carbonaceous shale 
Gray sandstone 
Carbonaceous shale 
Gr^ sandstone . 

Carbonaceous shale 
Coal and shale . 

Shaly sandstone . 

Grey shaly sandstone 
Carbonaceous shale 
Coal . 

Carbonaceous shale 
Grey shaly sandstone 


ToTin 


Thiekassa 
of bed,in 
feet.' 

4 

2 

1 
4 

li 

16 

» 

41 

3 

3 

1 

2 
d 

. 2 
1 
1 


2 

8 

1 

1 

2 

1 

3 

12 

8c 

1 

11 

1 

8 

6 

6 

8 

1 

> 

6 

6 

6 

2 

10 

8 

6 

2 

1 

1 

9 


260 


Water tapped at 7 feet. Work commenced Wth February, stopped 1st May 1886, close of season. 
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No, 8 Sore-hoU, LiUari VaUojf.' 
Strata pasMd tbrongfa. 


Snriace loil 

Yellow eoarae sAndstone 

„ and wbite mottled aandatone 
Brown pandatone 
Bed clay-stone 
„ sandstone 
Yellow „ 

Bed „ 

„ clay-stone 
Brown „ 

Bark brown and black sbaly sandstone 
CaAonaceons shaly sandstone, with a little 
Brown sandstone and carbonaceous shalo 
Qrey and brown shaly sandstone 
Dark biown „ 

Hard light bluo „ „ 

Carbonaceous „ „ 

Hard grey „ „ 

Fine blue and brown shaly sandstone 
Carbonaceous shaly sandstone 
„ shale 
„ shaly sandstone 
Q«y „ „ 

Carbonaceous „ „ 

• „ shale 

Coal . 

Carbonaceous shale 
Qroy shaly sandstone 
Carbonaceous shalo 
Coal . . . 

Hard grey sandstone 
Carbonaceous shaly sandstone 
Coal . 

Carbonaceous shale 
Grey sandstone . 

Carbonaceous shale 
Coal • • ■ 

Grey sandstone . 


coal 


TOTAli 


Thiekasss 
etbeA ta 
f*^ 

5 
1 
1 
0 
« 

a 

aa 

1 

1 

4 

1 

3 

4 
8 
8 
1 
1 
1 
8 

12 

7 
4 

11 

6 
1 
6 

8 
a 
6 
8 
8 
8 

19 

4 

4 

86 

887 


Water trijipcd at 6 feet.' Commenced 13th January, stopped let May 1881^ flp se ef 

4. --- 


e 

m 


Snrface soil . 
Iron stone shaly^band 
Varioss clays 


2/b, 4 Sore-iole, Zillari Valley. 
Strata passed through. 


TUeknsss 
of bad, la 
feet. 

6 

1 

11 


Carried over 


17 
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No, 4 Boro’hoU, Lillari contd. 

Thicknew 

Strata p^sed throngk. of bed. in 

feet 

Brought forward . 17 

Brown shaly sandstone.‘. 8 

Carbonaceous shaly sandstone.3 

and brown shaly sandstone '.1 

Carbonaceous shale.2 

„ shaly sandstone'. 3 

„ shale.8 

Coal .2 

Gr^ shaly sandstone . . ^ . . . •.4 

Coat and shale. 2 

Carbonaceous shale . '.8 

„ shaly sandstone.2 

„ shale and grey shaly sandstone.6 

White sandstone.. . 14 

Carbonaceous shale ............ ,S 

Coal . . .. 

Carbonaceous shale. 4 

„ shaly sandstone.'.7 

„ shale. 2 

Grey shaly sandstone.2 

Carbonaceous shale.8 

„ shaly sandstone. 4 

Coal . 2* 

Carbonaceous shale ............ 8 

'shaly sandstone.. 1 

Coal .. 

Carbonaceous shale. 13 

„ „ and Coal .. 

Coal ... 

Carbonaceous shaly sandstone.. 

Grey sandstone.. 

White » *..;.9 

Carbonaceous shale. 12 

Grey sandstone. 4 ° 

Carbonaceous shale.'. 4 

Coal . 2 

Grey sandstone. 20 

Carbonaceous clay.. 

Grey sandstone . . . ..’ . , , g 

CarWoceons shale.2 

White sandstone . . . . '.. . ^ . 2 

Carbonaceous shale ............ 2 

Coal .. 

Gr^ sandstone.... 

Total 227 


Water tapped at 16 feet. Commenced February 7th, closed May let, 1886, close of season. 
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iVo. 5 Sore-hole, Lillari Tally. 

Stnt» paued tfrou^h. 

f 




fhicknsss 
of iMd. to 
feet. 

Surface soil ...... 






4 

Yorioue claje .. 

s 

a 



a 

. 10 

Dark browu sbaly sandstone and clay 






1 

CarbonacfouB shale. 






e 

Fine grey slialy sandstone .... 

a 

a • 

a 



1 

Carbonaceous shale. 



• 



2 

Slightly carbonaceous fine shaly sandstone 

s 

s • 

a 



4 

Grey shaly sandstone. 

s 

a s 

• 



1 

Carbonaceous shaly sandstone 

• 

s a 

a 



2 

Grey and carbonaceous shaly sandstone 

e 

a • 

a 



6 

Coal . 

e 

a « 



s 

. 9 

Carbonaceous shale . ' . , . 

s 

a • 




4 

„ shaly sandstone 

e 

a a 




. 1 

>. shale. 

t 

a a 

a 



1 

„ shaly sandstone . . 

a 

a a 

s 



1 

»» flhlllO e • s « , 

e 

• 

1 

a 


1 

„ and grey shaly sandstone . 

s 

• 

a 



. 4 

White shaly sandstone . a . . 


• a 


a 

a 

6 

Carbonaceous sbaly sandstone 


s « 

a 



6 

„ shale and grey shaly sandstone 


s a 

a 



13 

Grey shaly sandstone ..... 


a 

a 



. 1 

Carbonaceous shale ..... 

• 


a 



6 

Coal 

• 

• « 




1 

Carbonaceous shale ..... 

• 


a 



6 

Coal . . . • . . * . 


» a 




4 

Carbonaceous shale . 

s 

• a 

a 



la 

Coal and shaly sandstone . . . e . 

s 

a s 

a 


S 

1 

Carbonaceous slutle ..... 

• 

a • 




1 

Hard grey shaly sandstone .... 

• 

• a 

a 

a 

a 

. 1 

Coal . 

• 

* 

a • 

a 


» 

. 15 

Grey shaly sandstone ..... 

s 

• 

a 

a 

a 

8 

Carhonaccous fine shaly sandstone . , • • 

• 

• ■ 

a 

a 

a 

. 8 

„ shale . * . 

• 

1 s 

a 


a 

10 

Grey shaly sandstone ..... 

# 

0 a 

a 

a 

a 

20 

Yellow and luottlei) clays 

s 

• • 

a 

a 


8 

Carbonaceous shaly sandstone 

• 

a • 




4 

White - „ „ • . • • 

a 

a a 

a 


• 

8 

Grey „ ‘ ... 

a 

a a 

a 


a 

. 2 

White sandstone. 

s 

• a 

a 


a 

16 

Carbonaceous shaly sandstone 


a • a 



a 

. 1 

„ ^ shale and coal .... 




a 

a 

2 

Coal ........ 


a 


a 

• 

16 

Carbonaceous shale and coal .... 


• • 


s 

S 

1 

Grey sbaly sandstone. 

• 

a 

a a 

• 

a a 

T<m£ 

6 

. 221 

Water tapped at 14 feet, which flowed over surface to the end. (Sbmtaenced Horember 

stopped 30th January 1886. 

20th, 1886, 
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No. 6 Bore-hole, Lillari Talley. 


Strata paiBcd tbrouch. 


Surface soil 

Soft brown aandatone . 

„ yellow „ 

„ brown „ with clay 

Brown sandy clay 
Grey abaly sandstone 
Brown „ „ 

Carbonaceous shaly sandstone 
Grey „ „ 

Clarboiinoeous shale 

,1 „ and coal 

Coal .... 

Carbonaceous and grey shaly sandstone and coal 
Grey and carbonaceous shaly sandstone 
Carbonaceous shaly sandstone 
Coal and carbonaceous shale . 

Carbonaceous fine shaly sandstone 
Grey shaly sandstone 
Grey and yellow-sandstone 
Grey shaly sandstone and coal 
Grey shaly sandstoue 
Yellow „ . . 

Carbonaceous shale 

u „ and grey shaly sandstone 
„ shaly sandstone 

Grey shaly sandstone 
Coal . . 

Carbonaceous shale 
Coal . .' . 

Carbonaceous shale and coal 
Coal .... 

Carbonaceous shale and coal 
Coal .... 

Carbonaceous shale and coal 
Coal .... 

Carbonaceous abaly sandstone 
„ shale 
„ abaly sandstone 
shale 

shaly sandstone 
shale 

Aaly sandstone 
shale 

shaly sandstone 
Yellow sandstone 
White 

Carbonaceous shaly sandstoue 
„ ‘ shale 


Thickness 
el bed. in 
feet. 

. 9 


8 

8 

6 

1 

4 

6 

0 

9 

7 
1 
4 
3 
6 

? 

1 
1 

2 
2 

3 
6 
a 
1 

60 

1 

4 
4 
6 
1 
4 
6 
2 
9 
2 
1 
6 
2 
4 
4 
1 
1 
2 

8 
12 
8 

19 


Toraii . 268, 

Water tapped at 26 feet. Work eommenced 20tb Sovember 1886, stopped 29th Januaiy 188R 
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No. 7 Bori^hote, ZdUari VaUog. 

Stnte paaaed Uiroagh. 

Surface loil and various clays 
Vari'Colonred shaly sandstones 
Carbonaceous shale 
Coal and carbonaceous shale 
Carbonaceous shale 
Coal 

Carbonaceous shale 
Grey shaly sandstone 
Carbonaceous shale 
Grey shaly sandstone 
Carbonaceous shale 

„ shaly sandstone 

„ and grey shaly sandstone 

„ shaly sandstone 

shale . • • 

u shaly sandstone 

„ and grey shaly sandstone 

shale • . • 

„ fine shaly sandstone 

II shale • • • 

„ I, and coal . * 

Coal ...... 

Carbonaceous shale 

Total 

Water tapped at 16 feet. Work commenced 4th, and stopped 20th January 1886. 


ThloknsM 

ofb^in 

16 
16 
t 
1 
1 
8 
81 
S 
4 
1 
8 
8 
10 
2 
1 
4 
16 
4 
1 
8 
4 
4 


141 


No. 8 Sofe»hol 0 , LtltaH Valley. 
Strata poMod through. 


Surface soil and clays . 

Vati-coloured sandstones and clays 
SlighHy carbonaceous brown shaly sandsloge 
Carbonaceous shale . t * . 

with a little ooal 


w 

>1 


99 

99 


gray shaly sandstone . 

* shde 

„ fine shaly sandstone . 
CarbonaoeoaSia]iale 

and eoat • 
and shaly sandstone 
and coal 


99 

99 

$9 


Coal and carbonaceous shale 
Carbonaceous shale 
Coal 


I 


Thickness 
of bed, la 
feet. 

6 

19 

8 

4 

1 

8 

16 

3 
10 

8 

9 

28 

8 

10 

8 

18 

4 


• Total . 141 

Water tapped at 20 feet. Work commenced on the 4th, and stopped 24th January 1886. 
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ITo, 1 Sort-hole, Oira Valley, 
Strata paaaed tbreagh. 


Yari-Goloured shalj Baodstonos 

a 


a 

a 

Carbonaceous „ „ 

• 



„ shale 

a 



Cbol .... 

a 



Carbonaceous shale 

a 



Coal . 

a 



Carbonaceous shaly sandstone 

% 


a 

Grey shaly sandstone 

a 


• 

White fine soft sandstone 

a 



Carbonaceous shaly sandstone 

• 


a 

White „ „ 

a 



White and yellow ,, „ , 

a 


a 

Carbonaceous „ 

a 


a 

„ end grey shaly sandstone 


• 

„ shaly sandstone 

a 



White dhaly sandstone 




Brown and soft shaly sandstone 

• 


m 

White shaly sandstone 

a 


a 

Yellow nnd black clay . 

a 


a 

White shaly sandstone 

a 


a 

Yellow and white shaly sandstone 

a 


a 

White sandstone 

a 


• 

Carbonaceous shale . . 

a 


a 

22 22 And coni ■ 

a 


a 

„ shaly sandstone 

a 



Coal .... 

a 



Carbonaceous shale 

a 



„ „ and shaly sandstone 


• 

„ ebaly sandstone 



s 

„ shale 



• 

„ „ and grey shaly sandstone 


„ shale 

a 

a 

c 

„ „ and coal 

a 

• 

e 

GOnI • a a • 

a 

a 

s 

Carbonaceons and grey shaly sandstone 

• 


White sandstone . 

a 




ThioknMa 
of bed,ia 
feet. 


Total . 2 

Water tapped at 25 feet. Work commenced January 28th, atopped 26th February 1886. 


No, 2 Bore-hole, (hra Valley. 


Strata pateed tbrougb. 


Surface foil, sandv, gravel, and clays 
Carbonaceons and grey ebaly eandetone 
,, shale . m , 

„ shale nnd ooal , , 


Thickness 
of bed,in 
feet. 

22 

1 

8 

1 

9 


Carried over 
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Nff, 2 Bora-ioU, Oira Pallfjf,—coatA, 


StrikU pufwd tbroagh. 


Carbonaceous and grey shaly sandstone , 
„ shale • . . . 

CsaJ •••••«• 
Carbonaceous shaly sandstone . . 

Qroy „ . 

Carbonaceous shale .... 


Brought forward 


Thirknsss 
of bed, in 
feet. 

89 

6 

2 

14 

3 

17 

60 


• Totai . 131 


Water tapped at 9 feet. Work commenced February 7th, stopped 26th February 1886. 


No. t Boring, Baisandar Valley, 


Strata passed through. 


Surface soil and clay . . . . « 

Vari-coloured sandstones and olajs in thin beds 
Carbonaceous shale . . ... 

Carbonaceous shale and grey shaly sini^ptoiie 
Fine grey shaly sandstone 

Black shale .. 

Carbonaceous shale and a little coal 

f> M * • • 

Fine carbonaceous shaly sandstone • . 
Carbonaceous and grey shaly sandstone 

,, shale . . . 

* „ „ and coaf . 


It >1 . . . ^ 

Coal . 

Carbonaceous shale .... 

„ and grey shaly sandstone 
Black and grey shaly sandstone 
Carbonaceous shale .... 
Coal . . . . 


ThlcknsM 
of bed,iu 
fset. 

3 
37 

1 

4 
6 
1 
1 
9 
2 
2 
2 
7 
2 
6 

63 

7 

3 

9 

26 


Totai 


190 


Water tappq^ at 13 feet. Work commenced 9th March, stopped 30th April, for close of season. 
Progress much delayed through hard stone and breaking and extraction of obisel. 


• * 

Vo. 2 Bore-hole, Bateandar Valley. 

, ‘ Strata passed through. , 

Surface soil and clay. 

Carbonaceous shale . 

Coal .....*<• 

Carbonaceous and grey shaly sandatoi),e ..... ... 

* Carried over 


ThickuMs 
of bed, tn 
feet, 

8 

1 

16 

1 

26 


» 


S 
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No. 2 Bore-holt, Baitaudar Valley, —contd. 
8tnta pasBod through. 


Brought foiward 

Qr^ sbaly sandstone .... . 

Carltonaoeous shale. 

Slightly carbonaceous and giey shaly sandstone. 

Carbonaceous shale.. 

Coal . 

Carbonaceous shale. 

Coal . 

Carbonaceous shale. 

Grey shaly sandstone ........... 

Carbonaceous shale ........... 

Grey yellowish sandstone. 

White coarse . . 

Totax 


Thickness 
of bed#to 
feet. 

. as' 

. 88 

. 16 

34 
16 

. 6 

6 

8 

. 8 

4 

. 9 

. 3 

. io3 


Water tapped at 22 feet. Work commenced 11th March# and stopped 15th April# through break* 

ing of chisel, which could not be extracted. 


So. 3 JBore-hole, Bauandar Valley. 

Thieknem 

Strata passid thronah. el ™ 

fiet. 


Surface clays .... 

Grey and carbonaceous shaly sandstone 
Coal ...... 

Carbonaceous and grey shaly sandstone 
Coal ...... 

Carbonaceous shaly sandstone 
Slightly ,1 » » • • 

Carbonaceous ## » • * 

Highly carbonaceous shale 
Carbonaceous shaly sandstone 
Coal ...... 

Brown sandstone .... 

Grey# mostly shaly, sandstone 
White shaly clay and fine sand 
White coarse sandstone 


Totai. 


2 

9 

20 

8 

4 

19 

11 

8 

3 

3 

10 

6 

SO 

9 

63 

189 


Water tapped at 6 feet. Work* commenced 16th March# closed Ist May 1886# end of season. 
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Geographical features. 


Principal ranges. 


Field-Notes from, Afghanistan: (No. 3), Turkistdn, by 0. L. Griesbaoh, F.G.S., 

Geological Survey of Lidia (on duty wUh the Afghan Boundary Oommission). 

The geological reconnaissance which I carried out in the spring of this year 

Introduction ^ confines of Afghan-Turkistiin and the 

district of Bami&n, which embraces the area north of the 
Tirband-i-Turkistiln with the mountainous c untry stretching north of the Koh- 
i-Baba to the Oxus valley. 

The broad geographical features of Afghan-Turkistiin arc very simple. There 
are two distinct areas: a raountaijious tract which occu¬ 
pies the southern part, and wide-stretching low lands 
which skirt the hills northwards. The mountain area consists of a succession of 
parallel flexures of varying widtlis which strike west to oast or nearly so ; generally 
speaking the folds increase in absolute height and decrease in width as they ap¬ 
proach the main water-parting of Afghanistan. Along a lino roughly defined as 
running south of Maimana to Sar-i-Pdl, south of Balkh and Mazar-i-Sharif and 
thence south of Tashkdrghau to Badakhshan, an uni^mmetrical flexure ter- 
mim^tes the hilly tract of Turkistdn.* This flexure presents a steep side towards 
the north, where it disappears below the tertiary and recent dopoaits^which foi’m 
the great Central Asian plains. • 

The principal ranges thus formed are: the Koh-i-Baba, one of the links in 
the chain of the great watershed of Afghanistan. Part 
of the Davendar and Doshakh ranges of the Ucrat valley 
may be western points in this •same chain; but which of the groat anticlinals 
between the Davendar and the Koh-i-Baba is to be looked upon as the connecting 
lijpk, I am unable to «ay. 

North of this main line minor ranges run more or less parallel with the water¬ 
shed ; of these is the Tirband-i-Tufkistdn with its eastern continuations. South 
of this range is a wide synclinal basin which belongs to the Murghab drainage. 
The structural prolongation of it may be found in a wide, undulating table-land, 
which occupies the space between the upper Balkh-ab (Hiid-i-Band-i-Amir) and 
the Kara Koh. I •have,not visited this area, but Captain the Hon’ble M. S. 
Talbot, B.Ei., describes it as a table-land, of which the eastern portion of the Kara 
Koh forms as it were a raised rim. The northern and north-eastern continuation 
of the Kara Koh terms a high chain against which a number of smaller ridges 
are ranged in parallel'Gnes, both north and south of it. North of those auxiliaty 
ranges extends a wide undulating synclinal basin with several areas of depressed 
table-lands; ^e northern termination of this basin Is formed by the outdb rim of 
the Tnrkist^ highlands south of Mazar-i-Sharif. , 

The’drainage of Afghan-Turkist^n belongs to tho^md Darid, or Oxns river, 

. although only one of the streams of this part of Afghanis- 

^ ' tdn actually reaches that river, namely, the Aksarai or 

Kunduz river, of which only a small branch of the upper portion belongs to Tur- 
kistdn itself. All the other streams are either used up for irrigation purposes 

or lo^e themselves in the loess deposits of the Ghdll, wMch forms the lowlands 

of Turkistfin. 

•*K 2 
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Principal rivers. 


The Oxns rises in the Pamir and enters Afghan-Turkistdn as a large river 
north-cast of Tashkdrghin^ Its valley varies greatly in 
width,—from about 30 miles near Tashk 6 rghdn to over 
80 miles near Akhcha and Kilif. forms an extensive and in some parts very 
fertile alluvium, which presents some veiy interesting geological features. 

The other rivers are • the Maimana river with its many tributaries, rising in 
the higher levels of the Tirband range; the Astar-ab and Sar-i-Ful system of 
drainage, which, flowing from tho mountainous country of the eastern prolonga¬ 
tion of the Tirband, loses itself in tho plains of Shibirkhan and Akhcha; the 
Balkh-ab, known in its upper course as the Bild-i-Band-i-Amir, comes from the 
Hazarajdt and after a grand sweep from east to west, turns northwards and loses 
itself in the swamps west and north-west of Balkh; tho Khulm or Tashkiir- 
ghfin river, which rises north of the Kara Koh range and after a more or less 
northerly coarse is lost in tho sandy wastes of the Oxus valley. 

Only parts of the upper course of the Aksarai or Kunduz river are within the 
Turkistdn and Oabul Hazarajat, north of tho Koh-i-Baba; the Karm4rd, Saighdu 
and Bamiin streams belong to its drainage. 

One of the most notable features in thd configuration of Afghan-Tnrkistin is 
the erosion, by the rivers, of deep gorges. I found that tho 
inhabitants applied the wprd “ dara ” (valley) invariably 
only to defiles. Some of them are exceedingly narrow, like the Yakh-dara, 
between Deh-i-Faoz and Faiighan, south-east of Maimana, scarcely wide enough 
to admit an unladen mule being driven through without considerable difficulty. 
Many of these defiles surpass in picturesque grandeur anything I have seen else¬ 
where ; as for instance the course of the Astar-ab below Fadghan, where the 
river flows in a narrow gorge, often not more than 30 yards wide and enclosed by 
vertical walls of limestone, some 1,600 feet sheer height above the stream bed. 
Most of the rivers flow from south to north'and hence form transverse valleys 
through the ranges of Turkistan. They have eroded gorges where they cross an- 
ticlinals, and formed wider valleys with side-streams when on a synclinal. 


River gorges. 


Sfrucfural features. 

As already mentioned the Turki««tiln highlands consist of a succession of flex- 
_ ^ . a ures more or loss parallel to each other. Their structure 

IS generally very simple and reveals the following facts : 
that (1) the lowest beds exposed in any of the sections, not only in Tuikistdn but 
as far as is known in Afghanistan generally, belong to the marine carboniferous 
series; ( 2 ) that the latter a’n overlaid comformably by a long succession of strata, 
partly marine, partly probably of fluviatile character, which form an unbroken 
and conformable series from the upper carboniferous to upper 3 arassic or neoco- 
mian ago; (3) on the upturned and denuded edges of this base of older rocks upjier 
cretaceous limestone of great thickness rests unconformably; (4) tertiary marine 
deposits and freshwater beds rest conformably onjthe upper cretaceous rooks; ( 6 ) 
that the general outlines of the present configuration of the country have existed 
since pliocene times, ai;d that the force which has brought about the wrinkling of 
the older deposits is still continuing to add fold on fold in Central Asia. 
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The width of the belt of flexures appears to vary considerably, though the 
general lines of structure seem to remain more or less constant. So far as my 
observation has extended, I found that the l^plt of hills broadens considerably in 
the eastern sections. * 

Independent of minor folds between the lines along which the sedimentary 
zone has contracted, I believe the following groat auticlinals can be identified. 


4 . Eaisar. 

Aliiiar. 

Painguzar. 

Malmana. 

Bclchmgh. 

-•. 

• 

Albdrz. 

Tashkdrghdn. 

8 . 


Oeh Miran. 

Paisnah. 

(Astar-ab.) 

Chabil. 

Uoab. 

2. Main range of the Tirband-i-Turkihtan. 

• 

I 

f Kara Koh range. 

1. Synclinal of the Upper Mnrghab. 

• 

• 

Upper Balkh-ab 
(unexplored.) * 

1 

Anticlinals of: 
d. Bajgab and Karuidrd 
c. Dandan Shikan. 
b. Ak Kobdt. 
a. Palu Kotal. 


Great waterelied of Afghanistan. 


North of the system of great^folds which form the watershed of Afghanistan 
is found a wide belt of shallow synclinals to which the 
• • Uppej. Mnrghab basin belongs. The structure of the 

latter is explained by tho exposure between Kushk and Bala Murghab; the in¬ 
terior of tho basin has remained a terra incognita to mo. Eastwards of this re¬ 
gion is the table-land of the Uppor Balkh-ab, which Captain Talbot has visited; 
it is bounded north and south by the anticlinal rims of tho Koh-i-Baba and the 
Kara Koh. The c.astorn margin of this depressed table-land is puckerod into 
several very narro\^ antsclinals, across which the principal roads to Cabul lead; 
dillcult passes and deep gorges tiuverso rango after range between tho Kara 
Kotal and Bamidn. The headwaters of tho Kunduz river rise in those folds. 

Immediately nori^ of this bolt, a series of wide arches and auticlinals are 
ranged in long lines across Turkistan. They form the 
con ^oup. most important land-marks in tho physical geog^phy of 
this country. I includfe aiftongst them the main range of the Tirband-i-Turkistdn 
and the Knga Koh. r 

, "A few well-defined and narrow flexures have been closely pushed up against 
^ the high auticlinals of the second group; their general 

ir group. direction may be traced from Painguzar, south of Almar, 

through Paisnah on the Astar-ab to the north side of the Kafa Koh. 

To the fourth group I reckpn the clearly-defined outer rim of the Turkistdn 
highlands, i.e., a more or less steep anticlinal which dips 
under a high angle below the tertiories of the plains. The 
ranges immediately south of Balkh and Mazar-i-Sharif belong to it. Westwards 


t'onrth group. 
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the Alboris and the long anticlinals of Sar-i.Pal| Maimana, &c., form a similar 
outer rim. 

Between this range and the third group of flexures is a wide synclinal de* 
pression with areas of low table-lands in which streams have eroded deep ravines. 

The greater part of these folds consist entirely of a thick mass of upper 
cretaceous formations. The great erosion which has taken place along the north 
slope of the Kara Koh and within the flexures of the third group has exposed the 
older base on which the cretaceous cap rests. Similarly north of the Koh-i-Baba, 
older rocks (carboniferous) have been laid bare of their covering of upper creta- 
ceous limestone by denudation. 

Against the last great fold which terminates the mountain area of Torkist&n 

m. m. 1 • 1 . northwards, the tertiaries and recent deposits are ranged. 

The Tarkistan plains. ^ i , I- 

Worth of the Maimana provmce they form low undulating 

loess hills, in which most of the streams which drain from the Tirband are lost. 

This widespreading loess area is known as the Chiill, and is founc( to gradually 

merge into the great plains south-west and south of the Oxus river, a great part 

of which is covered with modern aerial deposits. 

There is'good evidence that anticlinals are even now in course of formation 

within the recent deposit's of the Oxus valley. I shall 

v^Hexuroa m the Oxus ^ recur to this feature when describing the recent 

formations. 


Stratigraphy of Turkistdn. 

I found the following formations represented in Turkistan and Bami&n: 



Ago. 

Formations. 

t 

Localities. 

Beceut . 

Blown sands; alluTium of livers; 
fans. 

Ohdll, Oxus valley, Ac. 

Sub-recent and post- 
tertiary. 

Loess with interbedded clays, sand¬ 
stones, and conglomerates. 

fi 

Clidll; ' raised beds on tbo north 
slope of hills south of Balkh; 
patches within synclinals. 

» 

Pliocene . 

I* 

1 

1 

Conglomerate and bright red .ind 
purple sandstones; bright red and 
green clays, with brown shales. 
PtanorUs sp. 

Helix sp., and plant-remains. 
Gypsum '/eins. 

BamUn ai^d Math&r valBtys; north 
fringe of anticlinals from Maimdna 
to Tashkdrgh&n. 

t ( 

» 

^ Upper . 

Miocene . < < 

\ Lower . 

t 

Light coloured shales, sandstones, 
and clays. 

1 Sistuarino deposits with fish and 
crustacean remains. 

Plants. 

Snnds^^ones and dark clays with 
marine shells. 

Centhium sp. • 

Bami£n and Mathdr valleys; south 
of 'iVishkdrgbin. 

Ditto ditto ditto. 

1 

« 
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Fomiitions. 


Looalitiefl. 


Eocene P . . Great thickness of light colonred Math£r. Bami4a. 

sandstone and impure earthy 
limestone. Sxogyra P 


! Upper . White chalk with flints. Inoeenmus Tii;})and-i>Tnrkistjin range and anti- 
sp. clinuls north of it. 

Exogifra sp., n>any bivalves. Main mass of the Kara Koh and 

[hick bods of white limestone with fo1ds*between ttoighau and Tosb- 
Exogyra sp. kdrghdn. 

Jamra quinquecoilata. 

Lower . Cloys, shales, shell limestone, and Middle course of the Astar-ab and 
beds with Tngonia sp. of the Almar stream. 



Densely rod grits and sandstone, \ 
shales with plant-remains; / Upper Almar stream near Pain- 

Trap, ( guzar; Astar-ab below Paisndb. 

Dark bluish grey ^its and sand- T Khomh-i-Bala north of the Elara 
stone: plant-remains. \ Koh. 

Ash-beds, j • 

Sandstone aftd black alum shales Doab north of the Kara Kotal. 
with plant-impressions; marine 
fossils. 


Upper Trias or Rlim- Light colonrej sandstones and shales Kotal-i-Sabz (north slope of Kara 
tic. with coal seams. Koh), bhUha Alaug. 

• 

r Upper . Great thickness of marine sand- Chahil; Shisha Alang. 

I Slone, liraestciijic, and shales with 

Y coal-seams. 

\ Schizoneura sp., Ac. 

1 Bivalves. 


Upper Trias* 


I Middle . Brown sandstones and shales with Chahil, north slope of Kotal-i-Sabz. 
f coal-seam. ^ 

* Eqvisetites enlum’»sris. 

^ Lower . Marine sandstones and limestone Chahil. 
bods. 

Balohia lommeli. 



Altered shales (mica-schist, Ac.) with Saighdn; Ak BobAt Kotal north, 
graphitic and anthracitic seams. * * 

Clay shales with impure coal. 

The whole traversed by horn- < 
blendic granite. , 

Coarse conglomerate in greenish Paid Kotal and gorge; Ak BobAt. 
matrix, altered by granite. • ^ 

Massive dark limestone with bra- Dittos ditto ditto, 
chiopod casts. 
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Description op Formations. 

Permo-Carbon, 

The only section in Turkist^n iif MsJiioh I have met with strata older than 
Loealit within the greatly disturbed area between Sai- 

ghSn and Bami&n. With few exceptions most of the beds 
in that section have been altered by contact with intrusive rocks, amongst which 
a homblendic granite is moat conspicuous. 

Between Saighdn (8050') and the north entrance to the Bamiin valley lies an 
elevated and undulating" mass of hills, which consists of the Ak Bobat synclinal 
(9800') with the anticlinal of the northe^Ti Ak Bobdt pass (10760') on its 
north side, and ending on its southern flank with two smaller anticlinals, which 
form the passes to Bamian, the southern Ak Bob4t pass, and the Kotal-i-Pald. 

The main mass of* the hills which close the Bamidn valley on its north Side, 
and over which the above passes load, is composed of upper cretaceous rocks, which 
rest unconforAiably on the underlying older formations. * 

One of the branches of the headwaters the Bamian stream run through a 
defile, which loads from the Ak Bobdt Kotal, south to 
'of i'ii®.Bamian valley; this gorge has been eroded not only 

Rob&t pass. through the upper cretaceous rooks, which form the Pali 

Kotal east of it but also through the strata below, which 
belong to the carboniferous system. 

The prevailing rock seen on both sides of the gorge is a dark blue very hard 
splintery limestone, traversed by white calcspar veins ; on 
Description of the weathered surfaces of it I noticed badly preserved and 

° ^ ' distorted casts of brachiopods (Productus ?). The beds 

of this limestone formatu^n dip under a high angle (from 
60® to 70°) to north-west, and are overlaid a short tlistanco higher up the valley . 
by a semi-altered conglomerate or boulder-bed. A few irregular layers of a 
similar conglomerate are seen to alternate with the limestone beds below. It re¬ 
mains in situ a considerable distance up the south slope of the Ak Bobat Kotal, 
and is apparently conformable to the dark limestone -virith brachiopods. The 
rounded boulders and pebbles of the conglomerate consist of limestone, and (he 
matrix in which they are imbedded is likewise calcareo'as, and of a greenish colour.. 
Near the southern entrance to this defile this section disappears below t^e upper 
cretaceous and tortiaiy formations of the Bamian valley. 

Large^ masses and dykes^of trap traverse this section, and near the contact I 
found the limestone and pongloiherate greatly altered. It 
has also penetrated the cretaceous limes cone above and is 
therefore shown to be posterior to the upper cretaceous epoch. Similar traps 
are also seen in other sections in Afghanistan; the outburst may belong to 
the same which ha{i broken through and altered the hippuritio limestone of 
Kandahar. ' 

The kotal (pass) which leads to the Ak Bobdt'synclinal is partly formed by 
npper cretaceous rocks, which rest unconformably on the older limestone and con¬ 
glomerate series. 


Intrusive trap. 
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Between Ak BoMt village and Saigkdn the older series crops np again and 

Section between Ak ” developed. The section runs from south to 

RobAt and Saighin. north and is formed of rocks closely resembling the lime¬ 
stone and conglo\neA.te series south of Ak Bobdt. The ’ 
succrasion of beds dips to north-west and is intersected by intrusive hornblendio 

granite, near the contact with which the sedimentary series is highly altered. 

I found in descending order: • 

TJnconformably overlaid by cretaceous limestone. * 

7. Micaceous altered ahalce with thin iMthracitie sennia near the entaance 
into the Saighdn valley, where the entire series is uncot^ormahly 
overlaid by the cietacious limestone. 

6. Mica schist and gneiss layers traversed by nnmorous quarts-veins. 

Here a mass of hombleqdic granite traverses the sectiou, near which the 
adioining strata are entirely altered into a semi-jnctamorphic series. • 

The granite encloses many angular fragments of rock, derived apparently 
from the neighbouring shaly group; in some places it becomes almost a breccia, 
cemented together by granitic rock. * 


Permo-carbon north 
of Ak Bobdt. Dip 
north-west. 


6. Gneissic beds with mica schist. 

4. Micacoons shales with several tflin beds of OMthracitie coal, partly 
graphitic. 

8 Gieat thickness of altered shales or schists; micaccona 


Permo-carbon north 
of Ak Robtit. Dip 
I north-west. 


8. Greenish altered conglomerate. ^ 

1. Massive dark limestone with brachiopod casts. 


Carboniferoos. Gorge 
south of PaldEotal, 
both south and 
north of Ak Bobit. 
Dip nortb-west. 


Three distinct groups. 


It will therefore be seen that the series consists of three 
distinct groups of rocks, which arc in descending order; 


3. Shaly group with carbonaceous seams, 

2. Conglomerate. 

* 1. Limestone (Productus?) 

• • 

The whole succession of strata dips to north-west, where they disappear below 
the cap of cretaceous rocks. All three groups of rocks form one structural whol% 
conformable to and passing gradually from one into the other. The massive dark 
limestooe with bratbiopods in pt^ticular is closely connected with the greenish 
conglomerate above, with which it alteraates partly. The dark limestone I may 
without risk ijientif]^ and correlate with the carbquiferous limestono.so largely 
developed westwards in the Herat province and Khorassan, and thus the greenish 
conglome^te will also have to he included in the carixmiferous group. 

* Near Herat ^ I observed an analogous section, although there the thickness of 

the entire series of beds is very much less than that of the 

rafiwSn Witti BamSm rocks. The general character of the rocks com¬ 

posing both sections is very similar. On the north slope 
of the Davendar greenish heUs with conglomerates and a thin coal seam rest 


* Records Vol. XIX pt. 1, page 64. 
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Taicbin in the Herat 
sectiou. 


conformably on tme carboniferous marino limestones. At Bamidn tbe conglo* 
merate and the brachiopod limestone are even more closely connected, and cannot 
be separated from the carboniferous series. 

I expressed my belief last year thaAs t]|;^e greenish sandstones with conglomerate 
of the Herat province may represent the Talchir horizon 
of India, and if that view is correct, then the latter is of 
carboniferous age. I am still hoping again to traverse 
these rocks near the Hindu Kush range at some point where the alteration through 
contact with eruptive rocks has not quite obliterated all organic remains, and so 
may finally decide the qdestion of age of the anthracite shales. 

The continuation of older rocks towards the north and below the cretaceous 
• . , . ^ , cap seems likely, as is proved by the fact that at 27 to 30 

ozoic and triassic aeries miles north of Saighan middle triassic rocks crop out from 
hidden by cretaceous ^undor the overlying cretaceous limestone. Below the 

latter and'in the belt between Saighdn and Chahil I ex¬ 
pect all the connecting links between the anthracite shales (3) and.the middle 
trias will be found. It is oven possible that ^hese links may be exposed at some 
point whore the denudation has worked through the covering skin of cretaceTous 
rocks. 

This being the case both permian and lower trias are hidden, the former 
perhaps only partially. At present I must look upon the 
entinMite**8b^e8 anthracite shales of Ak Bobat and Saighan, connected as 

they are with the underlying carboniferous series,—as 
being passage beds between the carboniferous and*permian. 

The intrusions of the hornblondic granite north of Ak Robdt and the trap of 
the PaM-kotal belong to a subsequent o'pooh and may pos-* 
sibly be of late cretaceous, age, to which the granite intru¬ 
sions of Kandahar belong. 

According to former observers^ a syenitio granite enters largely into the 
composition of the Hindu Kush range near the pass of Hindu Kush. It is very 
probable that the rock I observed south of Saigh&n is only a spur of the granite 
masses which have penetrated the limestone of Iho Hindu Kusht 
^ From stray notes given by Drummond,® Lord,® and others who wore fu 
Afghanistan during our first campaigns in that country 48 yeai’S ago, it appears 
that a formation of schists, traversed by granitic veins and englosing fragments of 
limestone, extends between the Hindu Kush passes and the Koh-i-Daman. Along 
the latter even the seams of graphitic coal are not wanting, and sq* one may 
fijannnift that at loast the older Saighan beds, the*palteozoic’series, occurs 
also south of the Hindu Kush. The strike of the beds in that di .trict in approxi¬ 
mately from south-west to north-east, which is also the strike of the Paghmdn ^ 
range and its south-western continuations. Taking into consideration the report 
that coal-seams have been found near Hhazni, the inference may be drawn that 


Granite and trap in 
trnsions. 


* Lord, P. B.; Joarn. As. Soo. Beng. Vol. Vll., 621—1838 iand India Review, etc., III. 816— 

1889. • 

* Joum. As. Soc. Beng. Vol. VII, p. 621, and India Review, etc., Vol. Ill, p. 316. 

* Joarn. Af. Soc. Beng. X, p. 74. 
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the Ghazni coal, if such exists, belongs to the same formation as the graphite of 
the Eoh-i>Daman and the anthracitic coal of the Ak Bohdt pass, and Saighdn. 
In that case we may fully expect to meet wjth the older coal-measures, equivalent 
to our best Indian horizon (Karharbari-Talchirs) within easy reach of our Indian 
frontier. 


Trias and UTimtic. 


Most of the streams which denude the north slope of the Kara Koh and the 
anticlinals immediately parallel with it, have at several 
places entirely removed the thick cap of cretaceous lime¬ 
stone and so uncovered a scries of strata which I found to represent horizons ex¬ 
tending from the middle trias to upper jurassics. Most probably this is the case 
in all the deep valleys north of the Kara Koh range, but I have only been able to 
examine a few of them, in which, nevertheless, I was rewarded with good sections 
through the lower and middle mcsozoic groups.* I found the best sections in the 
Shisha Alang and Chahil (Chil) valleys, where both triassic and rheetic beds 
are exposed. The streams which daain these valleys wse on the north side of 
the* Kara Koh, and run eventually into the Balkh-ab. ^ 

The area of triassic roc kg exposed at Shisha Alang is quite detached from 
that of Ohahil, that is, tbo intervening high ranges crossed by the Shadb£shak 
and Bala Qali passes (8,800' and 9,330'), are formed by upper cretaceous rocks 
which hide the triassic section below. 


The Ghahil area exposes the lower strata of the upper triassic gp’oup of modem 

Section at Chahil European geologists, or beds which closely represent hori- 
^ zons from the zone of Malohia lomnieli to the plant-bear- 
*ing Lunzer beds of the Alps. The section forms a wide arch, the beds of which 
dip generally south-west and no*th-east. Part of this arch is overlaid (near its 
highest point) by the upper cretaceous limestone of the Chadli Khan. On 
nearer examination I found the Chahil section greatly disturbed and in some 
places crushed. But I was able to determine in general outlines the following 
hoWzons in descending oi*dor; , 


■ 12. Qrey and bright coloured sandstones, with shales and a few limestone partings. They 
weather nearly ever^ where to a bright brown Ochre colour, reminding mo in that of the 
Himalayan trigs. A few tiin coal seams occur near the top. Lower down coal occurs 
^ at regular intervals of about 80 to 100 feet ; several of these seams aro upwards of 
6 feet thick. Flant-iinpressitins, mostly of stalks with some marine remains (bivalves), 
but in a poor state of preservation. Thickness not less than 1,800 to 2,000 feet. 

11. Finc-graiacd gre^'ish ^vown sandstone in thick beds. • * 

10. Coal-s^fm; thickness 10 feet and qualify apparently excellent. 

Q. Impure coal, with partings of bituminons sWes and thin beds of ferruginous clays. 

A Thick beds of flnc-graiDed brownish yellow sandstone with grey shales. JEquisetttes 
columna/ris, Storub. 

7. Grey clay shales. 

6. Coal-seam, thickness 1' 6" and very friable. • ^ 

6. Brown shales with plant'^emains. 

4. Coarse grey sandstone and'grit; fragments of plant-remains and casts of marine shells. 

■ • 8. Gritty white sandstone, very friable and sandy, in thick bids containing marine fossils. 

2. Same as 3, but alternating with friable light grey shales with bituminous layers, which 
yield a few fragments of plants. • 
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1. Hard calrareouB dark brown sandstone, contuning numorons marine remains, amongst 
which MonoUt aalimria and ffalohia lommeli ate very common. Tho lower part of 
this section, beds 1 to ^11, cannot be less than 2,000 feet in thickness, and is probably 
mnch more. «■ 

r 

This section is only exposed where the upper cretaceous limestone has been 
completely removed by denudation; consequently the base 
dennJ^Ura only*^'"^" entire Chahil valley with tho upper 

Chah'l basin, including the steep south-west slope of the 
Sabz Kotal, are made up of folds of the triassio group, while the great mountain 
masses which crown the 6ides of this valley with inaccessible clifEs belong to the 
upper cretaceous limestone. 

• The principal fold of the triassic series runs nearly due north and south, and 

at the northern end of the Chahil valley, where it iorms a 
Distribution*'”* steep anticlinal, is dipping 80° east and about 60° wesi 

from its centre. The dii*ection of the fold gradually 
bends to the south-east and the arch widens as the dip lessens. Sri. east of tho 
second village of Chahil on the right side of tho valley I found tho lower beds of 
tho series (1 to 4) dipping about 50“ north-east below the cretaceous rochs which 
form tho Chatili Khdn peak. West of this same village rises the very steep and 
almost inaccessible loft side of the valley where I found the upper beds of the 
series to dip about 65° to 60° west and south-west. The same beds form the 
lower slopes of the upper Chahil valley, left side, on which the third of tho 
Chahil settlements has been built The steep clifFs on tho left side of the valley, 
above tho spot where the stream emerges from the°old moraine which divides tho 
basin, belong to the upper part of the beds 12 and contain numerous plant-remains. 

The left side up tho valley above the village of Chahil is not only very steep 
but where accessible almost entirely covered with loose debris fiom the creta¬ 
ceous rocks above, so that I was not able to obtain a detailed section of the 
uppermost beds of the series. 

Tho lower portion of the ascent to the Sabz Kotal is hidden under a thick 
deposit of glacial debris, and tho triassic strata^ouly become visible in the strosEm 
valley, where they show a dip of about 60° to south-west. ‘ 

The thick coal-seam (10) with its adjoining strata is in situ in that locality, 
and may be traced for a considerable distance up the slope of the Sabz Kotal. 

Near the last ascent of the Kotal the north-eastern shoulcjcr of the anticlinal 
is seen to dip 40' to 50° north-east-by-east. The beds 
exposed belong to the upper part of the group ahd rest on 
the main coaZ seam (N^. 10). i observed the following 
succession in descending order: 


Last 

Kotal. 


ascent of Sabz 


16. Grey and light coloured clays and clay shales with yellow ferruginous partings. 

16. Whitish grey soft sandstone, very friable; weathers rusty brown. 

14. Same as 16. 

13. Whitish soft sardstone in thick beds. 

12. Bad sholy coal 1' thickness. " 

11. Brown fine-grained sandstone in thick bods. 

10. Coal-seam, 10' thickness (No. 10 in section). 

The beds 12 to 16 represent the lowest portion of bed 12 of the entire section. 
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So far as I am able to determine in the field without closely examining the 
Three horizons, com* ^^^^sil contents of this locality, it appears that at least 
parable with foreign lo- three horizons can be made out, which correspond with 
calities. foreign zones. 

1. The beds at the bottom of this eenes ropresent a well-marked horizon, 

which occurs not only in several distant parts of the world, as for 
instance both in tho eastern Alps, Transylvania and California, but 
also is well represented in the HimalayS, of Kumaon, Gharw&l and 
Spiti, and this portion of the Chahil section may therefore be iden¬ 
tified with the lower horizons of the upper-trias. 

2. The next higher horizon which contains plant-remains, amongst which 

Equisetites columnaris is most frequent, may be compared to thejjunzer 
beds of the eastern Alps, which also occupy a position over stra^ 
with Halohia lommeli and Monotis salinaria. 

3. The lower beds of * (12) contain plant-remains,* amongst which a Schi~ 

zoneura seems abundant. Whether these plants will be found to 
• agree with any of the Qoudwana species is impossible to say at pre¬ 
sent, but the group in which they occur hdvo a strong resemblance 
to upper Barakars in lithological character. • 

It appears therefore tbat^ the section exposed in the Chahil valley must be 
placed in the upper trias as now understood by Alpine geologists; the lower 
poi'tions of it seem to belong to the Hallstadt horizon of the Alps, which hag 
been traced from Central Buro^je through Asia to California and Now Zealand. 

The upper portion of the Chahil beds is mostly plant-boaring, and yields 
characteristic upper triassic (Lunzer) forms, of which some are common in the 
eastern Alps and qthers have a strong likeness to middle Gondwana species. ^ 

It is clear from this section that the triassic rocks, in common with the upper 
palseozoic strata of Bamidn and*Saighan, have undergone crushing and disturb¬ 
ance long before the deposition of the upper cretaceous formations which rest 
unconformably on the former ; I believe the lowor-trias will be found below the 
enormous limestone cap of the Kara Koh and its southern extensions. Perhaps 
some of the deeper valleys, for anstanco the upper Balkh-ab gorge, may have 
q,ut through this overlying mass of younger rocks and may thus have exposed 
the most interesting of triassic strata. 

The headwaters of the Chahar-Aulia stream, which unites with the Kashindeh 

« .. .. ’ • valley some distance lower down its course, are made up 

Section at Shjsha Alaiig. ii • i . , • r- i. . • 

of numerous small nvulots and springs which nse in the 

high regiobs on the port)iom side of the Kara Koh. They have excavated an 
area of abouj; 20 square miles in the cretaceous limestone, and exposed tho under¬ 
lying folds of older rocks. * 

Beds in this section basin have been folded and crushed 

disturbed before rretnee* before the deposition of tho cretaceous rocks, which rest 
ous times. uncmiformably on the former. • ^ 

The Shisha Alang triassic series forms an anticlinal whose axis has been bent 
into a horse-shoe shape, the toepf which points towards the 
south-west. Some of the higher portion of the anticlinal 


Strike. 
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Resemble upper Chahil 
beds. 


BepetitioDS of coal- 
measures. 


has been denuded away, and 1 found, therefore, the oldest beds of the section 
exposed about half way between the southern cntranco to the Said Sdd Mirgdnd 
gorge and the ascent to the Shadbdshak pass, whereas the higher horizons of 
Shisha Alang are seen near tho headwaters of the stream of that name and close 
under the high cHfts which enclose tlie Para Shadbdshak, 

The general character of the section is that of a succession of sandstones 
and shales with coal-seams, which contain chiefly land* 
Sbiidm Alaug°^ ** plan'ts, although a few marine remains (brachiopods) are 

also found in some of the beds associated with tho former. 
There are also several horizons of concretionary limestone containing marine 
fossils only. ‘ 

The lithological character of tho group of beds is very nearly that of tho 
upper portion of the Chahil section, and both seem to 
^^semble upper Chahil contain similar plant-remains, I believe therefore that 

*the Shisha Along rocks foAu simply a western continua¬ 
tion of the upper Chahil group. *' 

The remarkable feature of the Shisha Alang beds is a coarse,'*gritty, light 
grey sandstone, whichicontains fragments of plant-remains, 
besides a few marine bivalves. This sandstone forms well- 
marked divisions between, the several groups of coal- 
measures, each of the latter being about 300 feet thick. I cannot say how many 
of such repetitions may exist in that area, as tho beds are far too much disturbed 
Thickness enable me to form an accurate estimate. But along the 

low ridge, which forms the right side of the main valley of 
Shisha Alang, I counted 7 separate groups of coal-measures, each of about 300 
feet thickness, which, for this portion alone, would give 2,100 feet total thickness. 
Inhere is a remarkable uniformity in the composition of these groups of coal-' 
measures; the only difliecence seems to be the varying 
eoal meuuTOa^ thicknesses of individual bed» and coal-seams. The gene¬ 

ral lithological character remains the same,—in all cases 
showing a close likeness to middle Gondwana rocks. The shales are generally 
dark grey with particles of mica scattered throughout. , 

One of these minor groups of coal-measures north of Shisha Alang I foun/l 

_ ^ to dip 40® south-west and to be in descending order as 

Details of sectum. . n • ° 

follows:— 

Ft< Ids. 

14. Thick beds of coarse, gpritty, grey sandstone u^th namerous fragments of 

badly preserved plant>remains and a few marine bivalves {Ostrea sp.) . , 60 0 

13. Good, coal . . . •.^ ^ . .'6 4 

12. Bituminous clay. ^ i .04 

11. Coal . . . . <.' . ^ 6 ,6 

10. Coarse white calcareous sandstone in thick bods,—few marine bivalves . 60 0 
9. Dark grey, micaceous shales, plant fragments . . . , . .70 

8. Fine-grained flaggy sandstone.8 0 

7. Coarse-grained sandstone, divided by grey plaut-shalcs, and alternating with 

them .. . . ,400 

6. Coal .• . . . .60 


Details of section. 


^ 6 6 
60 b 


Carried over 


183 8 
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. Brought forward 

6. Bitaminotu clay with ferruginooi concretions ...... 

4 Coal~K«m, divided by a few very thin partings of clay; the latter of from | 
inch to 3 inches thicknoss. Coal rath» leafy, . . . Total 

8. Bituminous shales .......... 

8. Friable coal, with plant-impressions. consisting of closely packed leaves (Seit- 
tonmtra, &e,,) alternating with seams of good black eoml, . Total 
1. Coarse calcareons sandtitone in thick beds, much j<nu^d« .... 

Total thickness 


188 

2 

12 

25 

SO 

80 


2 

0 

0 

0 

0 

0 


Marine fossils. 


828 2 

Fnrtlier up tlie stream I noticed that the dip increased rapidly to 50“ south^west- 
by-sonth. Seyeral of the bods of shales yielded good specimens of plant^remainsi 
which will have to be determined hereafter. 

On the opposite side of tHis valley where the beds dip to the south-east at an 
angle of ffom 40“ to 50“ I found some braohiopods in con- 
cretionaiy nodules which occur near the base of No. 14, 
in a shaly bed; they seem to bear a* close resemblance *to upper triassio forma 
(RhynckoneUa semiplecta of St. Cassian P), , 

The same succession of strain, may be traced on the right bank of the princi- 
pal valley of Shisha Alang, and there shales seem to pre- 
ig tai eo V ey. dominate over sandstones. At the same time I found 

that the thicker seams of coal s^.lit up into numerous thinner ones, divided by 
bituminous clays and micaceous shales. As many as 18 or 20 separate seams 
may be seen within about 300 feet of thickness. 

West of the first.village of Shisha Alang the coal-serios crops out again and 
* shows a similar succession of dark grey Barakar-like shales 

of Alang* fl-Dd sandftones, associated with leafy coal-seams, the 

* , whole set of beds being enclosed between thick-bedded 

massive sandstone and grits. 

I noticed that the sandstones yielded generally only 
marine fossils (mostly bivalves), whereas the shales and 
coal-seams contained numerous Qondwana plants. 

If I assume the average thicknoss of the best coal-seam at 6 feet only, which 
• _ could be worked over an area of 9 square miles in the 

V^ghbourhood of Shisha Alang, I find that the 
available quantity of coal would be no less than 50 million 
tons. In tBis estimate I have left out of consideration the (1) th%t triassio 
coal-measures with largo seams of coal ore actually exposed over a large surface in 
the Chgliil 4alley and the north-west slope of the Sabzf Kotal, and (2) that permo- 
dkrbon strata with anthracitic seams appear between* Saighin and Bamidn, and 
fTin-f. therefore the conclusion is evident that the whole lower trias and permion 
strata, i.e., the equivalents of our lowor Qondwana series, m^^st be buried below 
the upper cretaceous limestoqes of the intervening country. *lt is consequently 
almost certain that the enth’e'northem Hazarajat is one vast coal-field, which is 
partidlly hidden by superimposed cretaceous limestone. 


Distribution of fossils 
in tbo groups. * 
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, Sabz Kotal. 


Section of Khorak>i- 
Bitltt. 


Juraasio aeries. 

Books lithologically closely resembling the jarassic deposits of KhorassEm and 
.. Herat crop out from below the cretaceous cap in several 

Localities. localities norfii ^f the Kara Koh and north of the Tirband- 

i-Turkist&n. 

East of the triassio sections of Shisha Alang and Chahil I found the jurassio 
seres in great force in the valley of the Doab stream/ 
Valley of tbo Doab riggs west of Khorak-i-Bala on the slopes of the 

'Wiktitva ^ 

Sabz Kotal. 

The ridge which f6rmB the Sabz Kotal is formed by a crushed fold of upper 
triassio rocks, overlaid on each side of the pass by npper 
cretaceous limestone. The beds dip towards the south* 
east and disappear finally below the cretaceous Eicogiyra-limestone, which composes 
the east slope of the pass. Below this cap of younger mesozoic deposits the 
uppermost trias (with rhsetic and lias?) is probably hidden, for I found the 
head of *the valley of the Doab stream near Khorak-i-Bala occupied by formations 
which I believe to belong to the upper half of the jnrassio series. 

The section through these rocks near Khorak-i-Bala, as seep from the heights 
of the Sabz Kotal, is very clear. Successive belts of dark 
brown, bluish grey, and bright red rocks which compose 
the jurassio series are seen to dip at an angle of about 40° 
to 45° to the south, where they are unconformably overlaid by the white Exogyra- 
limestone of upper cretaceous age, which forms the steep scarp of the Kara Koh. 
These successive bolts are traversed by a smalt stream, which joins the Doab 
valley from the right near the village of Khorak-i-Bala, To ascend the Kara 
Kotal I had to go up this side valley and thus traversed the upper jurassio series 
nearly at right angles. .. 

The left side of the valley near Khorak-i-B ila is formed by very friable dark 
grey to black alum-shalos with a few badly-preserved 
plant-impressions. The shales weather on the surface 
and on the upturned edges to a bright rusty brown, and 
often show a bright coloured metallic lustre on their planes, derived from decom¬ 
posed iron pyrites. The deposit seems to remain very steady in its lithologi¬ 
cal aspect, and is generally found at the base of the “ red-grit group ” wherever 
/i have met with the latter. Along the north side of the range called t^e Koh-i- 

kat-i-Shamshir in eastern Khorassan, as far as Zorabad on 
the Hari Bfid, and again on the north slope of tne Tirband- 
i-Turkistan, the ch-'iracter of tnis deposit is the same. I 
believe the horizon will be *ound to be middle oolite; oertam it is thau the. 
rest conformably on depos'ts with recognisable lower oolitic fossils in severdi 
localities. 

, . The shales dip about 40“ south and below rocks which 

group'* ^ ^ believe to belong to the widely distributed "red-grit 

group ” or upper juraasics^j the passage from the shales 
into the overlying grou{i is quite gradual. •' 


Dark alum-shaleB left 
tide of valley. 


Oconrrence elsewhere. 
Age. 
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Red grit. 


The ^firot divisioQ which I could dutaagoish in the “ red-gnt ” group 
rests confonaablj on the dark alam-Shales, and coBsiste 
Dm* bl^ gnjmd* chiefly of a dark blnidh grey sandstone and grit ; the la^^ 
meat of**r^gru!"^* ©o^loses grains^of blapfc limestone, proteibly derived from 

the carboniferotis 'vooks south of the Kara £oh and 
Bamidn. It appears to be a local development of the red*grit groupa rook 
closely resembling it I found last year near the Kala Sard, about 35 miles south, 
east el M&shhdd. The blue grits are not sharply sepaiAted from the ilum.shalea 
below. Thin irregular layers of the latter occur* between thick beds of the 
blue ^rey grits, and no doubt some beds of the latter will be found within the 
i«lum*8haleB; such I found to be the case along the north slope of the Bardli hill 
in the Koh-i-kat'i’Shamshir. The total thickness of the bluish grit and (grind¬ 
stone may be about 1,000 to 1,200 feet near Khorak-i»Bala. 

It is couoordautly overlaid by the typical red sandstone and coarse grits with 
strings of oonglomerates which seem fo oumpose the nj^per 
jurassics in every section which I have hitherto seen in 
the Herat province, Turkistdn, or Khoi^san. I found both in the bluish grey 
grits {iiud the ‘*red grit ” some poor reluaius of plants, mostly only impressions of 
straight stalks and carbonized matter. » 

On the left side of the Doab streaih, near the upper boundary of the alum. 

_. , shales, I found an irregular and impure coal-seam of about 

Thin eoal-seam. 

2 inches thickness. 

The total thiekness of the “ red gri^ " is not seen, as it is discordantly overlaid 

by the cretaceous limestone of th^ Boira Koh 

Bocks of the same character and horizon may be traced along the Doab valley 

- .... to the valley of the Tashkiirgh&n river: the Kara Kotal 

J Jutusici of Doab. j. i. i. i j. i 

north of Doab presents steep scarps of upper cretaceous 

limmtoue towards the north, resthig unconformably on the upper and middle 

Jurassic groaps.^ The sections south of the village Doab reveal the Jurassic 

deposits dipping 35** to 40” west to soath.we8t below the oretaoeons limestone, and 

I found them to be composed of the following groups in dettsending order 

3. Bed gri{ grcTap with volcanic breccia and tuffaoeous beds. 

* 2. Greyish blue grit and grey micaceous sandstone. 

.. 1. Dark alum-shales. 


The red grit gi:enp*(3) is of the usual and almost invariable character. I ** 
found also here some igneous beds associated with it, which consist of hard breccia 
and irjil^eons beds intersti^tified with the grit. » 

Below th^ “ ved grit I found (2) grey micacoous sandstone and thick beds of 
greyish blue grits, alternating with friable black shales; this formation seems of 
very great and composes ail the lower slopes of the snrroundmg hills. 

In lithological cheater this group is perfectly identical with the similar rockii 
which I saw near Shorak>i-Bala, about 10 i^es west of Doab. Bragments of plauta 
are very common in aU the strate of group (2), but a bed of fehuginaus, rather 
ooucr^onary sandstone 1 mile south of Doab, yieldod, besides na ncrous plant- 
fragments, some marine fossila of distinctly Jurassic tyjpes. 
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North of Doab, on the waj to Rni, I found the lourer group (1) of the jurassic 
series, a grey sandstone with alum-shales containing a few plant-remains; they 
form all the lower slopes of the hills on both f^des of the Tblley. The cretaceous 
limestone rests quite unconformably on the plant-bearing shales (1), and the grits 
and sandstones of groups (2) and (3) afe wanting. 


Novel features. 


*J» the Tirland-uTurhatdn. 

The general outlines of the geological structure of the Tirband-i-Torkistdn 
range and its eastern continuations I have alirndy given. 

The third anticlinal (see page 237) which runs almost unbroken from Pain- 
guzar to Doab on the Tashkdrghan river exposes lower 
alo^^yrd anticliual**^** middle mesozoic deposits at several points below the 

^ capping cretaceous formatipns; I have described the older 
mesozoic and jurassic beds of tl^e Hazarajat ii^ the preceding paragraphs. The 
only' other localities where I have noticed rocks older than cretaceous arc situated 
south-west of Maim&na and south-west of Sar-i-Pdl. 

In some respects these localities present altogether novel features, inasmuch 
as (1) any unconfoi'mity between the jurassic plant series 
and the cretaceous formations is doubtful, and (2) if such 
unconformity exists, then the overlap of the cretaceous formations must have 
begun during eai her neocomiau times. I believe, however, that the apparent un¬ 
conformity which 1 noticed south-west of Maimana can be explained differently, 
and that therefore the change of sea level which occurred after jurassic times did 
not affect the area north of the Tirband range. 

The great anticlinal of Painguzar, Id to 18 miles south of Almar, exposes sonje 
of the upper jurassic horizons; the overlying ^strata being 
a succession of deposits,' amongst which 1 could determine 
both lower and upper cretaceous horizons. 

At first sight of the section an unconformity seems to exist between the red- 
8”* group and the plant-shales below, but there are reasons 
which are against the assumption of any actual break 
between these two formations: (1) in sections west of this 
locality, i.e., in BIhorassan, the red-grit group an^ the black shales of the plant- 
group (jurassic) are always closely associated, and in fact alternate n^r the con¬ 
tact, and the same feature may be observed in all the eastern seotiuns, as for 
instance near Khorak-i-Bala (page 248); (2), seeming unconformities are often 
observable where rigid thick-bedded formations res^ng.on softer''and yiddiog 
rocks have undergone lateral disturbance. In such cases, whibt ^he overlying 
rigid formations have only been bent into wide curves, the softer shales below have 
undergone greater ciumpling and hence an appearance of discordance has b^n 
produced. 

It is different with the unconformity between the older mesozoic formations 
and the upper cretaceous limestone in the Hazarajit; there the same very wdl- 
marked feature can beuibserved in every section, and the direction of the flexures 
of the underlying rocks differs entirely from that of the cretaceous limestone al^ve. 


South-west 

miua. 


of Mui- 
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The cliffs on the left side of the valley, between Paingnzar and the Ziami 
Section of Paingnsiir. DiwAna, show the following seorion in descending 


order:— - 

LofS } Cretaceone gronp. * « * 

Red-grit gioop with enclosures of gypsum; tbe passage from tiiis into the 
overlying lower cretaceous beds is gradual 

puthed over the beds below, • • 

fi. Dark sbales with partings of ferruginous sandstone|and strings of nodn.' 
lar clay iron ore The general cbaracter of this rock is completely 
that of the dark aluiu-bhales of the Estoi lulls. 

6. Dark grey mioiceous sandstone, weathers rusty brown; plant-reinains. 

4. Dark shales, same ns 6. 

8. Sandstone same as 6 
2. Shaly sandstone 

1. Tbit k'beddcd grey sandstone. ; 


Bedding neaidy hori¬ 
zontal near top ci 
tbe anticlinal. 


Beds dip about 2(f to 
26” to iioreti-west, 
the direction of tbe 
general dip a feW 
miles further on. 


Along the same flexure and nearly due east of ^aingusar, I again met 

InlheAstar-ah. furoBsic rooks. The loeality is near the 

villages of Paisnah and Deh-i-Surkh in* the Astar- 

ab valley, about 38 miles south-west of Sar-i-Pdl. The river makes a sweep 
to the east near these villages, and turns again abruptly north and north-east 
some 6 or 7 miles below-Paisnah, where it cuts through the entire cretaceous 
and part of the jurassic groups aiong a line which now coincides with the crest 
of the third anticlinal (see table page 327) The flexure of the rocks has 
apparently taken place after the greatef part of the valley had been eroded 
oat of the mesozoid series, and in that particular locality the bend into an 
anticlinal naturally to^k place almig the line of least resistance, where the thick 
mass of the upper mesozoio series had previously been cut through by the river- 
The strata are ilow seen to dip away from the centre of the valley—north and south. 

1 found, the section a continuous ono from, the upper cretaceous {JSxogyra-Mme- 
stone) down to tbe black alum-shales with plant-impressions. There is not tbe 
slightest unconformity 'traceable ^firoughout the series of strata either in this, 
lodhlity or in the transverse portion of the Astar-ab valley between Deh-i-Surkh 
gnd Turghan. 

In all about 1,860 feet of strata are exposed below the upper ExogyraA\mQ» 
stone, of which about l,0i»0 feet belong to the red-gidt group. The black allum- 
shales below; are only partially exposed, their base being hidden below^ the alia- 
vium of the Astar-ab. * • 

m 

Cretaceous series. 

With the close of the jurassic period seems to have begun the most marked 
change in the physical conditions of th^^ part of the world ; 

Glmge of pbydeal jufassic seas began to /ihallow, and the greatexwpart of 
^dttioM r Khorassan became^most probably part of 

‘ * a continent which extended towards India. The forces 
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whioli are traceable to the present day in Tarkistan folded and orampled the 
older and mesozoio formations until they were raised above the jarMsio sea-level. 
This shallowing and partial isolating of certain sea-basins may even be traced 
in the lithological character of the n.p^r jarassios; the red grit” which keeps 
wonderfully constant over the whole of Khorassan and TurkisUn has most 
probably been deposited in a shallow and confined sea, and—as the g^nm 
lajera in the sections of the sonth-westom districts of Maimina show—possibly in 
land-locked basins. 

The greater part of the upper jurassic rocks became subject therefore to sub- 
aerial denudation daring early cretaceous times. Only 

Sub-s< mil denndition certain points along the cretaceous land deep bays 

ilnnng, early c«»tacoou8 . , , . • , • . T .... i ii 

times. existed; certainly in two localities, namely, in the sections 

west of Pdl-i-Khatun in Khorassan and south-west of 

Maim^na some marine deposits rest conformably between the upper jnrassios «nd 

the upper cretaceous limestones which must haye been laid down in such arms or 

firths of the lower cretaceous sea. •* 

The rocks which I believe to belong to this horizon in Khorassan I have 
described in former notes ^; the Maimdna province offers a 
very similar section through the lower oret^eous horizons, 
and I met the series fairly ^ell developed in the Fainguzar 
(Almar) neighbourhood. 

Between the outer range of the Tirband, i.e ., the most northern flexure, and 
the synclinal of Farad Beg, extends the third groat hnticlinal 
(see page .327), which hnsobecn transversely cut through 
by the Almar stream, thus exposing the entire section. Both on the right aide of 
the Valley, oast of Fainguzar, as also immediately south of thht village, the creta* 
ceous aeries is seen to rest conformably-on the r^d-grit group, and in spite of local 
crashing a fairly complete section can bo obtained. 1 found the following beds 
in descending order:— 


Lower cretncionedepo' 
eita. 


Pningnrar section. 


leso t:vo^ 


Uppot ert-tactene. 


7. Tliick-bedtlcd whitish gray hard coral limestone with Exogyra sp. 

6. Qreenieh earthy limestone with Exoggra ; total thukiiLSsof these 
* groaps about 3,000 feet. 

6. ConHiderablo thickness of greyish beds inaccessible, but conformable on 
the beds below. 

4. Shell limestone, with nnmerons Foraminifera. 

8. Do. do. containing TViyomasp. » * > 

2. Dsrk gie> earthy shales. I ^ 

1. Greyish green soft sandstone in thick beds with concretionary layers, shaly \ '• < 

towards the base. . 

f ^4 

d. He i sandstone with gyprum beds. < 

0 . Parting of call arenas sandstoho .* 

.. 0«». brownW. tro, »nd.to.., ^1"*^ 

a. Bed-grit group. ✓ 

Further eaatwnrd<) and along the same flexure lower cretaceous stratu ate secu 
to rpst conforynablyvon the red-grit group and pass upwards in the upper ^g^ogyra 
limci^ouos. 


<• fi 
\ 


N ' lU'coids Vol XIX, pt 1, pp 60, 63 
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TKe sttcoesfiion of strata between Khomdin and Pi^>i>Snrkh in tbe vall^ a< 
a .. . XV . ^ AstaiNab is in desoendine order as follows Abent 

1,500 to 2,000 feet of upper cretaceous limestone wl,lh 
Exogyra sp. festjp^conformably on— 

6. Greyish earthy oakareons sandstone in thin flaggy beds . . . .60. 

4 Light grey impore limestone with bluish green shaly ooloareQus sandstone . 8d 
8. Same as (6) with Bxogyra sp. . . . .... SO 

2. Rusty brown, coarse sandstone in thin beds with Tr^ff»nia sp and alternntiQ|f 
with shell limestone .......... 860 

1. Bluish green earthy shnlos and clay . , 80 

b. Light reddish grit with sjialy partings , . , , , 800 

a. Ihin bedded shaly red giits. .... , . , fiO 

Total . 8,810 

passing giudually into andsresting confoimnbly on tho»red-grit group, whiob 
is bore at least l.OitO to 1,200 feet m thickness • 

Tbe sectjoAB at Faingurar and near Kbamddn will therefore be seen to bo very 
similar and,to correspond m «general obaracters with 
“! succession of beds west of Pdl-i-Ehatun^ as shown in 
lak. the rai^ of tbe Takht-i-Gadriak (see Beoords XIX, p. 63), 

I believe the beds 1 to 5 will be found to be of lower cretaceons age and to 
be identical with the light-coloured marls of Zulfikdr, 

It appears certain that none these strata reach further to the east, as I have 
found every where in the Hazaraydt and Afghan-Turkistdn only upper cretaceous 
formations resting diroetly on dlder groups 

The greater part of the piovince of Maimdnaand of 
■ Upper crotaceouB. * Afghan-Turkistdn is covered with a wide-spread cap of 

upper 01*^000008 rocks. 

With few exceptions the beds belonging to the upper cretaceons horizons 
consist of white thick-boddod limestones. Here and 
***** there a few layeis of sandstone occur, which in that case 

• often contam a few badly-prcsei ved plant-remains. But 

.by far the greatest thickness of the upper cretaceons formation is mado up 
in ascending order of (1) hard white splintery limestones, (21 concretioaarj earthy 
•white or brownish white limestones, occasionally dolomitio, (3) chalk with flints. 

The general ohanactor of the group seems the same in all coses, that is, it is 
formed in massive beds, the total thickness being about 1300 to 2,000 feet. To- 
wttr48 the fmrthem sections the thickness of thisgr^ip increases, and I ^und that 
south of Balkh the total* thickness cannot be less than 3,500 to 4,000 feet In 
oommpu wffch'its overlying tertiaries it is folded and bent in wide anticlmals with 
^icoaeional elevated table-lands between. The preseift rivers have excavated deep 
ravhies and picturesque gorges through the rocks of this gioup, with steep, often 
yertioal, sides. The general character of the group closely qaaembles that of the 
Qnader of Bohemia, with which it shares approximately the slime age. « 

Thb oommonest fospils found in this group are Hao^ra 
:ijbBril8. sp, and Janifa qutnquecostaia, besides numerous others 

which have not been determined yet. 
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he fossil contents, not less than ii» stratigraphical position over lower oreta- 
ceons beds, assign an uppei^cretaoeons age to the group. 
Age, ^bably two j believe that a more detailed stndy will possibly reveal 
ceous. that at least European horizons are represented m it, 

but I have not been able to distinguish any divisions 

on my map. 

Exogyra sp. I found in- all horizons of the upper cretaceous; but it seems 
probable that the lower portipn of it is chiefly characterised by harder limestones, 
frequently a pure coral limestone, whereas the more earthy varieties seem to 
contain principally Exdgyra sp. 

The uppermost portion of the upper cretaoeons is composed of white chalk 

™... ...^... ^ 8'’'^ shell-limestone with flints, and contains Inoeeramus sp., 

White chalk with flintB. „ , ^ j i-x,. x j. i xi.-i 

Exogyra sp., <x;c.; it forms about a third of the tutai tmek- 

ness of the group. The best sections were found in northern Turkistdn, between 

Haiback and Tashkdrghin, and«south of Balkb, where the white chalk forms 

precipitous, cliffs. • , 

r The same honzon^is found to form the upper portion of 

Localities of the upper cretaceous deposits between CKakau and Kalanau north 

west of the Tirbaud. of Kushk in the Herat province; it also caps the cretaceous 

series of Zulfikar. 


White obalk with flints. 


Localities of the upper 
betis of the cretaceous 
west of the Tirband. 


Composition. 

Post-pliocene . 
Pliocene . 
Miocene . 
Eocene (P) . 


Tertiary formations. 

The tertiary Series of Turkistdn is composed of the fol¬ 
lowing groups:— 

t 

.Aerial and freshwater deposiu. * 

. . . ^Fivshwater. 

.Murine and freshwater. 

..... Maiine formations. * 


Of these gpxiups only the post-pliocene deposits occupy large areas in Tnrkistdn; 

Localitios lower groups are conflned to narrow strips exposed in 

deep folds of the upper cretaceou^ formation and in a few 
localities in the Ozus basin. In the highlands of Turkistan, and the Hazaraj&t 1 
hare met the older tertiariea in Bamidn and Saighan, where they are of small 
thickness, and along the northern edge of the hills of Turkist&n, i.e., lasting on 
the chalk beds of the npper cretaceous series which dip below the plains south 
of Balkh^nd Mazar-i-Sharif, t* 

It is probable that during eocene times a Isfge portion of the ppper cretaceous 
sea “began to shallow and here and there even to, recede 
BfSc”etaceoiu°timeB!” coast-lines. The force which oompreswd tbs 

sedimentary formations into a narrow and folded belt 
north of the great Afghan watershed, dates from early tertiary times, wlmn it had 
forced a great paH of the area, now occupied by the Turkistin hills and the 
Hazarajit above soa-level. From that time ddte the extenrive denudati(ni8 
which these tracts have been subjected to. In succession eocene and mJoCene 
formations, marine and freshwater were removed by subsequent and laftr 
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erosions, until at the present day only a few remnants of the older marine beds 
are found compressed in elevated synclinals high tip on the northern slopel of 
the Koh-i-Baba and Hindu Kush,—and the remainder of the Aea only shom the 
blown sands and fluviatile formations of^mech later date. 

After the deposition of the lower miocene formations the sea seems to have 
withdrawn finally from the area now occupied by the high anticlinals of the 
Tm’kistdn hills and retreated to the regiot«s now ocoppied by the great Central 
Asian depressions. Lacustrine and fluviatile deposits began to spread over the 
gradually wrinkling surface of Turkistdn and filled the wide synclinal basins with 
vast accumulations of sands, shales, and sandstone, which continue to the present 
day. 

At Math£r, south of the Kara Kotal, the cretaceous limestone with Etogyra 
o .. . „ 8p. forms a wide synclinal trough, which encloses a fairly 

Oomplfte tertiary senes, which 1, found in descending 
order to be: .. • 


0. Abmit 160 to 200 feet of concretionary green clays with email farragU 
410US concretious and rust-coloured luud beds, containing fresh water 
gasteropods, partings of clay and ferruginous sandstone of bright 
orange colour. Towards the base some purple KSoloured sandstone. 

The whole intersected by thin veins of gypsum. 

8. 200 to 300 feet of «hocolste-bi own sandstone with sbaly partings. 

This group shows fine mud deposits or clays towards the base, of 
yollowish-browii colour, coutaiiiingfragments of vegetable matter 
and leaves; Uim partings pure light grey clay-shales. To- 
* wards the upper part gritty chocolate-brown clays and sandstone 
predominate, which, fiom thick banks in the centre of the group, 

• changes into thin-btdded strata. A few thin partings of olive- JPlioe 0 »efi 0 iiwat$r 

green cls> s are very conspicuous m this mostly chocolate-coloured 
mass. * 

7. Great tbickneas of grey micaceous sandstono alternating with grey and 

green clays and chocolate-brown sandstone, which contiuna some 
gritty layers false -bedded. 

6. Bnght blnish green and yellowish brown clays with some sandstAne 
bens. Contain plant-remains and fresAwater shells; gypsum in layers 
« and veins; great thickness. 

5. Densely red sandstone with r few purple clay beds, towards the top 

* great thickness of bright re^ sandstone and conglomerate, consistinS 
obieflj of pebbles of ^cretaceous limestone cemented together by aj 
red calcareous matrix. 

4. Greeiiisb^ik clays and shales with partings of blown sandstone with 
concretionary structure. 4 Thickness about 600 feet, with veins of 
gypsum and.yellowi8h-brown earthy shales. 

The ghales* contain some focoids and other plsnt-impressionl, besides 

w rather badly preserved remains of fishes and crustaceans. ^ 

8. Towards base of group 4^ dark clays and soft clay shales predominate; 'i 

the shales contain plant-remains and marine sheik, CenfAiuns sp.; r Afsoesae (marint), 
thieknesa about 600 feet. 

2, Bed of greenish clay at the baawwith layer of g>'p8um. •. 

1. Onildc beds of sandstone and sliales with greenish eartliy sljales; C Soe^ f (marine), 
'Aieyyra sp. ) *' 

• Bests conformably oh upper cretaceous limestone.. 


tenet. 


Vfftr Miocene 
{eetnartne). 
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Eocene beds south of 
Tashkdrgl>£ift 


With the exception of an Exogyra sp. I have not disooveted an^ foitsil 

remains in the lowest bed* of the tertiaxy roolm. cThe 
Eocene eroup at Mathar. • xi. x i ^ xt. - x» 

passage from the upper cretaceous limestone of the snti> 

clinal north of Bajgah to the miooend Ofinthium-ohkjB (3) is gradual and continu¬ 
ous, and I would naturally infer a representation of the eocene horizon in the 
section, even if eocene fossils had not already been described from that locality* 
T believe Captain Hay ^ docoribes eocene fossils from beds which rest on cretaceous 
rocks north of the Bajgah an^olinal, but unfortunately his paper is not available 
to me whilst I write this in the field. 

In the Math&r vallby this group is of considerable thickness, probably not 

Tbwknen ^ 1,000 feet. The strata composing it are 

highly raised up, but perfectly conformable to the upper 
cretaceous Exogyra-Umentone. 

* A very similar group of sandstones and shales ties between the upper creta¬ 
ceous and the dark mioaene clays, south of Tashkdrghdn, 
where the tertiary rocks dip under a steep aligle below the 
recent deposits of tlvs Oxus valley. 

Of great ^interest is the group of partly marine partly freshwater strata which 
Miocene. rests conformably on the marine eocene beds at Mathdr. 

Towards the top of the group of sandstones and shales (1) beds of Ckdark 
clay or clay-shales with subordinate sandstone beds 
in appear, which finally merge into a thick group (about 500 

feet) of dark friable clay-shales, which conttun a few in¬ 
determinable plant-remains and some marine sheKs, amongst which a Oerithium 
Bp. is the commonest. The form is probably allied to a species also found in the 
mioeone salt-bearing group of the Adarbaijan province of Porsia. The olay-shaleu 
are associated with gypsum layers and veins, wl^ch occur not only in this horizon 
but throughout the overlying strata. 

This group passes upwards into sandy shales, with concretiona^ brown sand¬ 
stone and yellowish brown earthy shales. The passage from 
* the Oerithium-olAja into the group (4) is so gradual that 
I must assume the latter to have been deposited under es¬ 
tuarine conditions near a gradually shallowing sea. Of marine fossils I h&ve 
found none in the grodp, but some plant-impressions, mostly fragments only,besides 
badly preserved fish and crushed crustacean remains are common, yjeins and 
irregular layers of gypsum are found throughout the group, which is well exposed 
on both sides of the Math&r valley in which the tertiary seriesdorms steep 

cliffs. f ' 

Gheoup (4) is overlaid conformably by a series of beds, which aU pass gra* 
dualSy from one into the other, and evidently forth on» 
structural unit. They are aU freshwater deposits, probab¬ 
ly of fluviatile orig^, and remarkable for the bright deep red, brown or ifreen 
colours prevailing.* . , 

The lowest stratum of this series is a coarse conglomerate which is ohie|liy made 
up of rolled debris from the cretaceous limestones cemented togefhtr by it ‘red- 

* Journ. A>. Soc. Beng., IX, 1810, p. 1126. 
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Estanrine formation. 
Fish reuudns. 


Fresbwator seiiea. 
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di^ oaloamns matrix. It it wdl seen on both sides of the valley and imap hoilt 
ends of it,'but perhaps may l^t be exammed north*weSt of the \f^ageof Hathdf, 
on tiie right side of the stream, ivhere i observed it to rest seemingly oonfornml^ 
on the underlying upper miooene rooks, y With this conglomerate and above it, 
are (hick beds of densely red coarse strodston^ alternating with a lew thin 
earthy purple layers. The'total thickness of this gronp is very great; at liidhdr 
not less than 800 to 1,000 feet are exposed of it, but in other seotions this dgure 
is largely exceeded, and is most probably several thousand feet. The gronp is of 
wide>Bpread extent north of the central Afghan vraliersbed, and may be seen hx all 
seotions below the more recent Cbull, deposits. t 

The groups 6, 7, 8, and 9, which form with 5 a structural whole, are, of oourse, 
not divided from each'other in any defined manner, but pass from one into the 
other very gradually. 

T^sries other only jemains to trace these groups iu other localities, 
localities. * 


South 

ghan 


of 'raBhkdr* 


In the Bami&n valley itself the conditions are very yimilar; in a synclinal of 
* upper cretaoeouB rooks, an apparently complete senes of 

Smptcte series tertiary rooks is enclosed. I waa unable to* examine the 

. Bamidn section closely, as I was at the time suffering &om 

severe fever, but fortnnatoly Captain Hay (see footnote on preceding page) baa 
given a description of that locality. 

The only other section where unquestionable lower 
Lo”r tcmiiries tertiary»rooto crop up is that of the Oxus valley, which 

presents altogether very interesting features. 

' Conformably oil the northern flank of the oretaoeous anticlinal, south of 

Tashkiir^h&n and Balkh, I found the older tertiary 
clays and sandstones, more or less identical with the 
groups as described from Mathdr, and they pass here alSo 
giadnally into the bright red and green clays and sandstones of the lower 
plilOnenes. 

The whole geries dips under a fpradually lessoning angle below the aerial and 
* fluviatile deposits of the Oxus plains to crop np again at 

^ Be-^P«ir» on the northern margin. The tertiary series seems strongly 

^ , . developed on the Bokharan side of the valley, hut politicaj^ 

reasons prevented my visiting the right hanks of the great river. Bet^em Kilif 
and Ehaid«i*ab the Oxus outs an outcrop of the tertiaries and luckily exposes 
some of the marine miofiene strata, and perhaps some portion of t&e group 1 

(p^gQ 2655. • 

* ‘];[he above the head-land of the EHif fen^ (Afghan side) is composed of 

sandstones with alternating shell-limeston^ dip^ung at an 
SSl Hmedione. - blown sands of the great plain 

. whioji stretches south of the river.* tThe shell lirnestmie 
*C(mteins some Orfrea, Peefen,* and Sryotoa, which all bear a strong resemblance to 
spbeies Implied by von Abich from the salt*bearicg Miooene of north*westom 
Persia. 
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Limestone witli g)p> 
•um. 


This complex of fossiliferoas sixaia rests on irregular beds of white lime« 
stone, which forms the oli£| west of the Kilif ferry; alter¬ 
nating with it and replacing the limestone laterally are 
large depositjf ^d irregalar masses of gypsum of reddish 
and black colour. The limestone yieliled a few badly preserved fossils. 

The same gypsum group crops up again some 30 miles further west in the 
Khsm i sb cliffs of Kham-i-ab on the Afghan-Bokhdran frontier, 

wliere the formation forms a bold scarp &cing north and 
gently dips below the recent'deposits of the Chdll south of it. In one of the 

Jrregular layers of soft white limestone of Dev-EAla, a 
******* ev Ha, prominent hill soutli of Kham-i-ab, I found a few marine 
remains (bivalves) which await determination. 

I venture to identify this group of rooks on the Oxus 

gyiiffwTO^foJZiation’of miocene formation of Persia and Armenia, 

P«nU. ' which seems identical with gypsiferous series of Loftus. 

I am told that at the western slopes of the I^Coh-i-Tan in Bokhara, some 35 to 
40 miles north of Khwaja Salar, some good rock-salt occurs in beds Similar to the 
gypsiferous group of E!!ilif, The rock-saltf is mined and largely used by the 
inhabitants on both sides of the Oxus. It is of a fleshy pink colour. 

Pliocene formatiom in It remains now to describe the pliocene formations 
Turkistin which occupy a very large area in Turkistan. 

The Mathdr section shows an apparently perfect conformity between all the 
strata composing the tertiary senes; that, however, is not the case everywhere. 
Not only in the area between Math&r and the Oxus Valley, but in all sections west¬ 
wards of the Balkh-ab, I found the easily recognised bright coloured rooks of the 
pliocene series resting directly upon strata of the upper cretaceous group, and ii^ 
most cases with apparent conformity. 

After the close of the miocene period the conversion of a great part of the 
Central Asian sea into ivide plaids and isolated lake basins was< finally accom¬ 
plished, and the wrinkled and folded surface of marine deposits was gradually 
covered with a huge thickness of sandstones, clays, and sands during the pliocene 
and recent epochs , ^ * 

There is nowhere a marked lithological difference be¬ 
tween the pliocene deposits and the recent accumulations 
of sands and gravels. The passage from the former into* 
the latter is very gradual in most loealities. < 

The lower beds of the pliocene formations are only seen near the oqptact with 
the cretaceous limestones, or sphere the beds have been 
O^orrence and com- sufficiently raised to b^4ng them above the s^aoe, and 
****** they therefore show in most oases the oharaoteristlos o£^ 

great fans, accumulations of river gravels, and intercalated beds of sands and olaysk 
The whole lower portion of these deposits is nearly everywhere of a dense 
briok-red colour, wi^L occasional thin clay bands of bright olive green. This 
formation seems of a perfectly uniform character over the greater part of 
AfghanisUn ahd Persia,tand underlies everywhere the vast aocnmulatioap. of 
blown sand of the Chtill which fringes the Turkistdn low-lands. • 


No mnrked lithological 
difference between the 
pliocene and recent de- 
porite. 
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cene depoBitw near Katar 
Kala. 


The <)retaeeonis limestoiies formed probably an nndnlatiiig table-land in plio- 
PU ne tmta de tqnee, in the "mde troughs of whiol^ the aandatone 

porit^prior* to tho «• giavels of that period were laid down. Subseq^oeat 

neial wrinkling of me wrinkling of this tel^s-land into the compressed area we 
Tarkiitfin tahle-land. also* Crushed the later tertiary beds into 

narrow synclinals. This feature can be obserred in every case, where the ter- 
tiaries and recent formations are' exposed. 

The valley of the Beloheragh-MaimenB ^ stream shows this structure exceed¬ 
ingly well. The greater poV£ion of the synclinal along 
Cruhing of the plio- which the stream runs must once Jiave been filled by plio¬ 
cene gravels, clays, and conglomerates, which in this case 
were unconf ormable to the cretaceous limestone antiglinals 
on both sides of the valley. The force which completed the folding of the Tur- 
kisUn rocks after the deposition of the pliocene gravels affected the latter also, 
and the-section of these rooks nea|^ Katar Kala, Ijetween Maimena and Belcheragh 
shows now a high arch into which the pliocene rocks have been crushed, and 
, which stretches across the synclinal trough of the valley. The present stream 
has flince then worked its way through the great thickness of gravels and sand¬ 
stone beds, leaving at some points only portions of the latter on each side of the 
yaUey. They seem now to dip*below the cretaceous limestone at Several points 
owing to the partial inversion the strata of the latter have suffered in folding. 

The best exposures of the pliocene group may be seen along the northern 
margin of the Turkist&n high-lands, «.e., along the north 
slope of, the last anticlinal. Densely red grits, oonglo- 
merates, and clays may be traced uninterruptedly nrom the 
yrestem comer of the Tirband, near Bala-Murgh&b, to Tashkdrgh&n in Afghan- 
Turkistdn. The coarser deposits (old fans) of the group rest usually conformably 
on the cretaceous limestone belo^, and with the latter they have now been highly 
raised, and in home cases been bent vertically. Northwards the dip gradually 
lessens and apparently becomes nearly horizontal. 

.There seems to be no great lithological difference between the pliocene aocumn- 
* -lations and the more recent deposits, and 1 believe the pass- 
f hyried condi^doDB of from one into the other is very gradual. The greatmToart 
plidbene times. o' the recent accumulations are of aerial ongin,and consut of 

unstratified loess deposits. 1 noticed similar masses of loess 
within tile pliooene group, and I beHeve therefore that the physical conditions of this 
port of Clenjbral Asia have not changed materially since the close of Ihe miooene times. 

Some o/ the smaller and isolated areqs of pliooene deposits within* the great 
BjncUnals gf Turkist&n have probably been laid down in lake basins and river 
^vall^, and so no doubt were some of the lower par^ of the pliocene gravels and 
ecmglomerates near the northern edge of the high-lands, where the drainage from 
the hills spread over the great plains. But even in pliocene times, as at the 

present time, the fine dust and sand home along by the northern air currents tued 

• 

* TlUs name is distinctly writteh Maimena in Mr. Griesbaeh’s manuscript, hot it wonld ssem 
to denote the same aa the equally distinct Maimdna of other paftagee. Avawhle »ape ^ that 
segion do not afford means of oorrection. The aocentaation is defeorire thrCngbout.—Bn. 
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to meet the riyeT'borne deposits coming from the hills. The sections of the Ahnar, 
Maimdim, an^ Astar-ab streams all reveal the sai^e facts: a short distance Away 
from the edge of the hills, nnstratified and irregular layers of loess lie between 
distinctly fluviatile formations, unt 4 still fnrtheraway the former assume larger 
proportions, and finally the whole assrmos the unstratified appearance of typical 
loess, which forms tho wide Chfill north of Afghan-Turkistin. 

Had I only observed the red grits and clays of the pliocene along the soutiiem 
boundary of the Chdll, I would most probably have looked upon them as being 
of more recent origin, but* the sections of Math^ and Bamiin seem to afford a 
key to a different interpretation. At all events the lower portion of this huge 
accumulation of conglomerates, sandstones, and loess must be of pliocene age. 

Recent formationa. 


From the preceding section it will appear that the history of the pliocene 
epoch has been repbated during later times ank is still bein^ enacted atthb. 
present moment. There is practically no difference in the lithologictd character 
of the deposits of those eras. Now, as in pliocene times, huge faLs are spread 
out at the points where'tho present rivers ehter the open plains and finer deposits' 
are laid down farther away from the fans. Air currents, probably little changed 
in direction since later pliocene times, bring yearly vast quantities of fine dust and 
sand and spread them over the low-lands of Tarkist4n, in the thick deposits of 
which the struams lose themselves with few exceptions. The finer particles of 
this dust is borne further southwards by the hot-weather winds and so find a 
last resting-place on the high slopes of the northern antiolinals. North of the 
provinces of Maimi&na and Turkist&n immense deposits of aerial formations 
extend-—formations which date from pliocene times to the present day. Only the 
southern margin of these deposits belongs to Afghanistan; tho remainder covers 
the greater part of Central Asia and forms tlfir lower reaches of the Oxus with 
tho And and trans-Caspian region. 4 

Here also the separation of coarser sand from finer dust is apparent mA pro¬ 
duces land of quite, difforeot nature. Tho coarser sand falls to the ground first 
and composes the great Turkoman deserts. Further sonjih tiie finer dust pro¬ 
duces the steppes of Afghan-Turkistfin, known as the OhdU, which is still partly 
irrigated and under the influence of a larger amount of atmospheric moisture, and 
hence generally covered with good grass. According to Richthofen’s observetions* 
who has studied the aerial formations and steppes of northern China, theee 'last 
two fectors—^moisture and vegetation—caused the cementing together^and 
change of the air-bome particles of sand and dust and po caused the ISonnation of 
unstratified loess d^osits which cover immensi portions of CentfaJi A y a, 

In connection with the fecent formations there are chiefly twC features 'whibh^ 
I will notice here; the first is the fact that the folding process is still active at 


the present time, and the second feature is the accumulation of vegetable matter 
in certain areas of tire OhdU. ' 

The first htqt seems proved two observations | '(1), at all the points where 
* present riven of TurkistAn form 'high alluvial 

Recent urea. along their"lower reaches in the 
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pUuss^—it is plainlji’ i6«Q that the beds Qomppeing these depositehave OBder^^ 
oonaiderahle distttrbance, Kear the northecp margiB of>^ Id^'lands, MJBds 
and gmtels of ihe jotmger allnyial deposits are ratud high up, in some easel 
nearlT* tertioally; farther away from, the o|der aatiohnSk the dip of the receht 
deposits flattens gradnally and forms the j^hdns of Tnrkist&n. 

(2.x 1%e valley of the Oxns between Ahhoba and TashkArghdn is formed 
chilly by'extensive and probably veiy ihiok deposits of clays, gravels, and loose 
sandstone. Near the rivmr, and forming a belt of varying width, thick waves of 
blown sand cover this base of flnviatile deposits.. Tfih latter has been formed by 
the Oxns with its tribntaries, the prraent Khnlm, Ba^h.ab, Sar*i»P(il, and 
Maimina streams. At the present time none of the latter reach the Oxns itse^ 
bnt lose themselves in, and are diverted a great swell in the ground which 
extends naore or less pandlel with and north of the edge of the hills, and north 
of the populated districts of the plains. Though I have not seen any seciion of 
this ‘ rise ’ or swell in the valley of the Oxns, I l^lieve that*it is the begfinning of 
an anticlinal which has formed in comparatively recent times. The Oxns itself 
is a good ifUnstration of the fact known as De Baers'^ law, inasmuch as it 
steadily encroaches on its right banll!b, at the same timS depositing detritas on 
its left side. The river comes in great sweeps from Badak^han, diverted oer> 
tainly here and there by for prc/jecting ranges, but on the whole steadily pressing 
northwards and so removing material from its right bank. It therefore hugs the 
hills of Bokhara the whole way. If no other agencies were at work, the river, 
in its endeavours to transgress on its right banks, would have levelled the cHfls of 
Kham-i-ab and Eilif, instead of„ as appears now, having cut ofE a corner of the 
miocene group which forms the Bokh&ran side. The dip of these miocene strata, 
Qot leas than the partially raised recent alluvial accumulations near the latter, 
prove that the gradual bending of the tertiaiies of the Oxus basin into an anti'> 
clinal is going on at the present time. The river is as it were flowing along the 
crest of a mountain range now in course of formation. Here denudation keeps 
pace with folding, and henoe the excavation of tho nver channel between the clijSs 
of {fiiif <^d Eham-i-ab. 

I believe tho svfell mentioned above to be simply another hue along which an 
anticlinal js forming at the present time. The gradually rising fold being parallel 
with the direction of the nver has aided the exertion of the latter to oncroaoh on 
its right side and so resulted in the Oxns being gradually forced over the miocene 
depositsflf Kilif, into’ which the rivir eroded a channel, whilst the left banks O0&f£> 
nue t6 bend,into a new flexure. 

The lesser eroding* power of the former tributaries of the Oxus in ^urkistdn 
could not jeoep pace with the steadily rising area of the new fold, aided by the 
^aocunfnlationB of aerial formations which coU^ maiijty along the northern curves 
of this flexure, and hence the streams have now boon cut off from the Oxus and 
are mostly lost in the Turldstin plain or form irregularly shaped marshes. 

The second feature wjiioh I observed in connection with tjie modern deporits 
of riyira seems to me of oonliderable importance in illastndang certain oonditiohs 
which oarbonaceems deposits may have been fomnd. Afghanistib, especi* 

* ' > Bulb Acad. St. Potersbnri; II, 1860 
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ally the hilly portion of it, ia remarkably poor in vegetation; its hilUsides are all 
bat absolntely devoid of any. Trees are very few and far between, and grass 
exists only as separate tnfts here and there. The l&wer slopes are generally well 
clothed with fine grass amongst which thistles and camebthom species flourish, and 
in some places altogether replace tl^e /ormef. The scorching dry winds of the 
summer soon diy every blade of grass and every single thistle, which after a time 
are reduced to more or less of a vegetable dust. The dry stalks and scrubby parts 
of thistles and camebgrass become now the sport of the wind, and it is not unoom* 
mon to see them accumulated into the shape of large balls or bundles careering over 
the dry surface of the hUbsides. Most of the smaller rivulets in the hills become 
quite dry during that season, and others are reduced to quite small runnels. In 
the Sfming, however, when the snow melts and tremendous thunderstorms break in 
the mountains, every little streamlet changes into a violent torrent, whilst the big 
rivers become altogether impassable, often for months. At that season the channels 
of all the hill streams, previously choked with vegetable dust and debris, are tho* 
roughly cleaned out. So are the 'bill-sides and doping plains, with the result that 
all this organic matter, representing more or less the entire vegetable* growth of 
the preceding year, is Washed down into tht big rivera of Turkist4n, which then 
are in flood. .They are then more or less completely covered with a thick coating, 
a floating mass of vegetable debris, which consists chiefly of powdered and broken* 
up grass, some fragments of scrubby plants, such as thistles, and only a few bifoken 
branches or whole trees. 

As I had to cross the principal mountain streams during my tour in the spring 
of 1886 I was forcibly struck with the fact that in a country so bare of vegetable 
growth as Afghanistan, every stream during spring-time was nothing but a sewer, 
in which almost eveiything that had grown the preceding yeeg:* was washed down 
to the plains. 

Had Afghanistdn a climate more moist, and were the hill-sides covered with 
forests, the vegetable matter contained in the strr ams daring spring-time would 
probably be very slight in comparison with what it is now. Grasses and annual 
plants would decay locally, more or less held together by tree-growths and the 
moister surface of the soil. As it is, however, the scorching and almost persistent 
winds which prevail in Afghanistan reduce every blade of grass on the hill-sidps 
into a yellowish brown dost before the hottest days of the summer ore over. 

I was especially struck with this during last spring, when I crossed the* 
Balkh-ab by the bridge at Akhkabrflk. A thnnderstorm had broken in the hills 
to the south and the river came down a seething mass of chocolate-coloured 
liquid. Its surface was covered thickly with vegetable matter, suc'h as I have 
described above. It was evidently the result of an extensive ^wash’ of the 
whole hill-eides. So matted and thick was the mass of vegetable matter^ that 
I noticed birds being able to alight on it, though it was floating all the time. 
With it, the water holds in suspension a large quantity of mineral matter and 
brings down large bojilders. The noise of the latter as they rattle down with 
the current is fiometimes quite deafening. I obi^ved the latter fact when 
encamped at Eaibaek olqpe to the Khulm river. It happened to come dotm, in > 
flood after a terrific thunderstorm, and the noise of the moving stones in its be^ 
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was far exceeding that of the nishm|; torrent, and I could (mly liken it to 
clash of machinery. 

The mineral matter held hi snspension falb gradually of course as the liver 
proceeds, and the'water will be almost free from such matter near the end of Ha 
course, where the river ‘ runs to eartfi ’ Ip The plain of Turkbtdn. Not so the 
vegetable matter floating along. Only a small proportion of it will find a resting 
place along the banks, as it b constantly again swept away by subsequent floods. 
Almost the entire sweepings of the hill«sides of the Tirband, of the Hazarajdt, 
and the Turkistdn highlands generally find their way into the rivers and even* 
tually get strmided m the reedy marshes of the Chdll, where in time the vegs* 
table substance must form vast deposits m isolated areas.* 

Much of the water is used up for artificial irrigation, and wi^i it no doubt a 
great deal of the vegetable matter helps to manure tiie lands of TurMstdn; Imt in 
times before man helped to shape the course of natural events, the accumulations 
of vegetabb deposits in the Siarahes of the Central Asian plains must have been 
very large and seems to me to eiplain the exblenCe of coal-beds in formations 
which evidently were deposited in an area and epoch poor in vegetable prodnoe, 
with a flora poor at least in species, 4£ not in actual quantity. 


• Qlacial formations. 

e 

There are no glaciers existent at the present time in Afghan-Turkistdn. But 
'that such filled some of the high valleys in former days, probably contemporaiy 
with the older allnviams, is proved by huge glacial accumulations in several loca¬ 
lities which I have visited. S9mo of them seem so fi’esh and undisturbed that it 
is difficult to beheve that behind them glaciers do not still exist. 

High boulder bed terraces exbt in nearly all the valleys, and some of them may 
be of glacial origin, Particula^y well developed I found such in the valley of 
the Almar stream near Sarakh>dara and on the noi'th slope of the Kara Galli pass 
south-west of Maimdna. 

1 have however seen unquestionable glacial formations in several localities, 
as* for instance in^the valley of the Yakh-dara, west of Fadghan, near Shkhn 
Alang and Chahil, at*Karinard aa^ other places. 

In the Yakh-dara and at Chahil the deposits may perhaps be best studied. At 
• both places the old glacier has retired, leaving its moraines perfectly undisturbed. 
At Chi^il the valley^is still blocked by the old end>moraine which forms a dam 
of boulders about one mile long right across the valley behind which the basin of 
the forme^glaoier si^etohes, bounded on each flank by side-moraines.^ The floor 
of this glaoi^ basin is edvered with a fine mud, and half of it is occupied now 1;^ 
a deqp lalfb. The drainage escapes through a narrow opening in the o^tie of tike 
‘ end-moraine. * 

Stmniary, '• 


The sections which I examined this year ore about >midway between the 
Hinl^ayan, Indian, and the Persian areas, and natnrally 
CompariMB with «d* certain affinities with theas regiona. * 


johittig countries. 


hhow certain affinities with theap regions. 

It appears probable that n^rly all the horizons desorib- 
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©d in this paper are represented in Persia also. With the eic^l^on oi the forma* 
tions enclosed between the carboniferous Frodnctns-limestone and the upper 
Jurassic beds, all or most of the horizons of theHazarajit are also seen in the 
Himalajan or sub-Himalayan areas. 

As might have been conj'ectnred, t^e J^eness between th e formations of eastern 
Khorassan and the Herat Province with Turkistin is 
andtUHwat Sltatr striking, and would probably be found still greater, if I 

had had better opportunities of studying the former last 
year. The following table will show how the different horizons of these provinces 
may be correlated:— s * 


Toj^stSa. 


Herat Prorinoo. 


Khorassan, 


Blown sand of Allnvial deposits; blown sand of Herat Blown sand, north-eastern 
Cbdll: aUnrial rall^ wad nortiiem Badghis. k Khorassan; aUftrial deposits | 

deposits. salt-pans. 


TJfver pliocene and Loess of Badghis with beds of sandstone Loess deposit of lo^r Jam ral* 
older loess of and oon^lomeratea. ( ley, Nuhapnr plam, &o. 

Ohdll. • 



Upper miooene Lower plant-beds of Tiipdl with gypsum, 
(estuarihe) of Ked olan and gnts with Oetrea multxeos- 
Math&r. tata of Badghis (Nunak-ear and Khwaja 

Kallandar). 


Lower miooeno of 
Mathtr. 


Handstone with Ostrea multicos- 
tata Desh, near Khaf. 



Eocene of Bajgah, 
Bamida, dw. 


er oretaoeons White chalk White limo- 

ToiddstAn. with fossils, stgne with 

south of Inoferamus 

Kila Nao. e-wst at 


Eeoyyra-lune- Zulfikdrand 
stoneofDar- Ardewan 
hand, south pass, 
of BaiaMur- 
ghab. 

Lower ore^peeoos White sand- White marls 
(Astar-ab, npper stone and and clay* 
Almar stream). grits with shaleB with 
OstrsA sp., marine fos- 

and plant- silsofZplfi* 

/ ^remains of kdr. 

fhe&ashka 
Kotal. Shell 
,, limestone of 1 
^ Band i-1 


Hippuritio 
limestone of 
the Doshakh 
range and 
Faiia,. 

Coral lime¬ 
stone of the 
Doshakh 
. peak. 


Hnmmnlitio limestone with 
rhyolites, between Niahapor 
and Madan. 


White ohalk of Kelat-i-Nadri 
and Zorabad. 

InoeeraniMt-bedB of Zorabad. • 
Enopyra-limestone, iTakht-i- 
Gadimk near Fdl-i^^Uiatnn, 
Kelat-i-Nadn, Ao. 


Triypnft-beds and shel} line* 
stone of the Takht-i-Gatiaal): i 
white plant-aandstdne of 
Kelat-i-Nodri. 
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B0H^ Ptorlnoea. 

m . 


KbonBBUi. 


grilm (with Budqit fuicy (Ohuma Bed grits . 
volotmio oree* Sabs we, Bobst>i* 


Jwa$tte~grov^- of 
AstsMib aim 
north slope of 
Kara Koh. 


Sarkh paBS, Ardewaa 
pass, Knmkn, 'iDaven- 
oar range, Ao.) 

* hdd Taktin 

^' range.. 

Blaolt shales J Karakh valley, Bobit*!* Black shales Zorabadt GaniK 



(plant^remaina). Sarkh pass. 


Brachiopod lime- laoaa. 
stone. 


sMvwAi gasssM^p a yiwii aasr^ 

(with hag- ab (Kab-i-Sham- 
ments of afaix ranged west 
plants). of Takfaw-ted* 

BSk. 9 


HhTdC 


limestone Oankharohan 
and shales pass (Bar; 
(wlthwarine KaliJKhka}. 
fossils). 


Bhmtic f of sfisha 
Alang. 

Halohia lommeU 
gronpof Chahil, 
Ao. 

a j 

Lower trias and 
anthracite group 
(permian). 


Carboniferous 
. Ak Bobit. 


Brachiopod lime- KholiBiaz east of Herat, 
i stone. • 


Plant-shales and Ditto ditto. ■ Green shales of *faktin range 
sandstone. , and Dehrud pass. 

Green shales . Ditto ditto. 

Green plani^BhaleB Ditto ditto. P 

with coal-seam. 


liob&t-i-Pai; Doshakh -Carboniferous Produotus-lime-. 
range; Kholi Bias. stone of Yaktin range, Dehmp 
pass, Ac., Ao. 



It will be i^n that up to the close of the jurassio group the difference 
between the lithological characters of the various sections is not great. The 
carboniferous Productus-limestono was certainly laid down under purely marine 
conditions. From the close of the carboniferous to upper jurassio times a littoral 
character prevails in a& the deposite from eastern Khorassan to the frontier of 
Badakshan, and I may conclude that, during permian times, the sea gradually 
became shallower, even leaving isolated basins and estuaries along the Ferso- 
.TnT]^td% tracts. * . , 

While the sea continued to retreat further northwards during jurasmo and 
lower cretaceous times jn the eastern portions of Turkistdn, other parts of the old 
coast-line becaigpe gradually again submerged and the overlap of the sea reached 
its makjniuiff extent in upper cretaceous times, when vast tracts of njutb^^tem 
Europe, Persia, and Afghanistan with Beluchist^, Sihd, and the north-western 
margm of the Indian continent wero covered by an ocean, which wa^ost probably 
continuous over these areas, * 

From that time forward eastern Ehorassan and Turkistdn, «nd indeed the 
greater part of Persia, seems to have enjoyed much the sape physicel conditions. 
As Tof work in Khorassan and the Herat province was only of the nature of a 
reconnafas a noe, some blanks appear in the foregone table, where probably whole 
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groups could be recorded if I had had opporiuuit 7 of ozamiuiug certain seotious 
more carefully. 

The literature which bears on matters relating to Persian geology is yery 
large, but thp only .connected accounts which wfr possess, 
and Grewingk,* Loftus,^ Blanford,* and 

Tietze,^ and according to these authors it appears that the 
geological stmoture of northern and north*western Persia closely corresponds with 
that of Afghanistan. 

From the upper cretacebfis to the youngest formations the resemblance is very 
strong. The passage from the upper cretaceous into the nnmmulitics and lower 
tertiaries is very g^dual, as Abich has shown for the north-western Persia. 
Thera are also mioceno marine deposits, overlaid by great thicknesses of a marine 
salt and gypsum formation in which densely red rocks predominate, which form¬ 
ation (the gypsiferous group of Loftus) passes upwards into a freshwater group 
containing plants and! mammalian bones, which stratigrapbically corresponds with 
my pliocene freshwater group. 

Along the entire Elburz rangh there appears below the uppo^-- cretaceous 
(hyppuritic) group and the true carboniferous (marine) rocks a great thickness 
of deposits,‘which contain in certain localities plant-remains of Gondwana types, 
and in north-western Persia some marine jursiSsio fossils in its upper beds. 
Coal-seams are found in many localities. I think it ve^ probable that this series 
of deposits represents all the horizons which I found in Turkist&n between the 
carboniferous and the cretaceous group. I hope to find the opportunity at some 
future time of examining this plant-bearing series of the Elburz and so establish 
its exact relations with my*Tarkistdn sections. 

■Several of the groups of strata wliich I observed in Turkist^n show close I’ela- 
tionship to formations found in the Peninsula of India, the 
Central Himalayas, and iCashmir. All along the northern 
margin of Persia, through the Herat<^ province and 
Turkistdn, runs a more or less connected line of carboniferous rocks, containing 
mainne remains common in the carboniferous beds of Europe. Formations of 
more or loss identical lithological character and containing^ the same oarlrani- 
ferous fauna are found all along the Himalayan ranges from Kashmir to«the 
frontier of Nepal. Several of the forms found in, Kashmir and in the Perso- 
Afghan areas are identical, and it appears most probable that daring carboniferous 


. * B.-von Abich: Vergleicbende geognostische Grundzage der kaukasiseben, apaenuchen nnd. 
nordpersistihen Gebirge. Mem. Acad. Sc. St. Peterab. Vol. V11. S,69—F36. 

H. von Abicb, tlber das Steingalz in tuhs. Armenirn; pages 61—160. , 

Do. Bcitr. zur Rtlsaontologie des asiat. Kassl.; pages 587»-677. * 

Do. Eine BorgkaKt fauna ans der Araxesenge in Armenion. Wien 1878 etc. etc. • 

Dr. 0. Growingk, Die. googn. uud orogr. Verb, des ndrdl. Pemiens.—Verb. Eais. min. Gesell. 
St. Pc'tersb. 185^^. 208. ^ 

* W. K. iJms, c-n the Geology of portions of the Tnrko-Persian frontier, etc. Quart. Jonr. 
Geol. Soc. 7866. Vof. XL p. 247. 

* W. T. Btuiford, Eastern Persia. London 1876, pp. 487'-506. 

* Dr. £. Tietza, papers ft Jahr. K. K. geol. Ueiohsanstalt 1876, pp. 129—140; 1877 p|>.' 1—6, 
p. 841-430; 1878 p. 169—206; 1879 pp. 566-668; 1881 pp. 67—180. 
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times these traots were oonneoied hj sea. That oounection seems to^ave cob- 
tinned, partl 7 at least, ap to Jkbter permian times, for in beds belonging to that 
epoch on the Araxes die fonnd identically similar forms as in the beds with 
OtoG&ras woodward^ in the Central Himalf|ya% which I included in the lower tiias 
at firsts with which horizon they are stmctorally connected. 

Whilst purely marine conditions prevailed from carboniferous to tertiary times 
in the Kashmir and Himalayan areas, the sea began to retreat gradnally alon g 
the whole Perso-Turkist^ line soon after the close of tne permian epoch. 

No marine beds seem hitherto to have been foun&*in the Elburz lower meso* 
zoic deposits; in Turkist4a, however, I found several w^l-marked triassio and 
later horizons intercalated between beds of distinctly freshwater or estuarine 
character. Amongst them I recognized strata with Monotis saliiuma and Hedobia 
lommeli, both good upper triassic (Hallstadt) types. The horizon has been recog* 
nized by Stoliczkai and Lydekjeer^ in the Spiti and Zanskar areas. I found it 
well represented in the Central Himalayas of Kpmaon. In addition to this the 
Turkistan group contains also some Condwana types of plante, which probably 
gfrew on th^trisssic land south of the Hazarajat, which may have been connected 
with the Indian Gondwana continent. 

In the Jurassic series I have only found one group of deposits whifih reminded 
mo very strongly of a Himalaya horizon, namely, the Spiti shales. Lithologi¬ 
cally the black alum<shales of Khorak-i-Bala and Doab in Turkistin and the 
Maimdna province, no less than similar bods in Khorassan, seemundistinguishable 
from the Spiti shales, from whu h, however, they differ in their fossil contents. 

I found similar shales at the baag of the cretaceous group of the Tukht>i.Sulim4n 
west of Dera Ismail Khan. * 

, The tremendous overlap of upper cretaceous deposits with tho entire tertiary 

series of Turkistan seem rather to agree in their broad 
CretaceouB and tertiary. similar formations in Beluchistdn, Sind, and 

the north-west ^frontier than with the Himalayas, with which 1 have not been able 
to jrrelate them. 

Tho upper cretaceous rocks seem to havo been laid down in a son which 
stretched from tho*Adriatio to Afghanistan and round the north-western margin 
of India almost uninterruptedly, for both the lithological characters and tho fossil 
contents of the upper cretaceoius group seem very constant over tho entire area. 
With eocene times sgme changes occun-ed, for the tertiary deposits of the Perso- 
Turkistdn and Indian seas show fiome great differences. It may probably be 
found that the tertiary series of Sind and BeluchistAn is perhaps structurally 
connected with the Pefco-Turkistdn rocks; there seems at least a similar succes¬ 
sion of marine to freshwater series in both these tracts^ 

Bhadian, near Balkh, let Bejateniher 1886, 


1 Memoirs Vol. V. p. 44. 


* Memoirs Vol, XXIT^ p. f68. 
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Notice of a fiery Eruption from one of the mnd Toloanoes otf Oheduba Ifilaad, 

Arakan.^ 

The following report, dated 1st of Ai^sc 1886, from the Deputy Oonunissioiler 
of Kyauk Pyu has l^en communicated 1^ the Commissioner of Arakan:— 

“ I have the honour to bring to your notice that the Myooke of Chednba reports that on 
the night of the 3rd instant at about 11 r.M. an emption took place of one of the .volcanoes 
in the Minbya Circle of the Island, of Cheduba. The volcano, the fire burst from, is Nagabyin- 
quin, called Nagapho (male). The flame rose to the height of 1,000 feet, the oiromnferenoe 
or girth of it was about 606 feet; only lava and mud were thrown up, and it strongly smelt 
of petroleum. There was no damage done to cattle or human life.” 

The * lava * means no doubt ejected fragments of the sedimentary rooks of 
the locality: see Yol. XI, p. 202. 


_ 

Notice of the Nammianthal aerolite, hy H.B. Medlioott, Geological Survey of India. 

Nammia^hal is a village in the South Arcot district of the Madras Presidency, 
6 miles north-east of the town of Tiruvannamalai, approximately at 79^-12' E. 
Longitude and IT. Latitude. On atlas sheet No. 78 these names appear 

as Lamundol and Triomallee (old spelling). The ^11 occurred on the 27th January 
1886. The stone was received in a single piece, but a portion had been broken 
off and iflbout a fourth of the crust chipx>ed away by the first official (a Police 
offi(%) who obtained possession of it. Its weight was 4,519 grammes: specific 
gravity 3*68. There was nothing remarkable in the' shaped: an irregular out> 
lino, with rounded edges and angles, and pitted over the surface in the usual 
manner. It is a rather coarso*grained oligosidei^fto, of very firm texture. 

In forwarding the specimen the Collector of the district fomislfed the follow¬ 
ing account of the fall:—^‘One Bamasamy Coundan is said to have been in his 
field facing west, when he heard a loud report behind him (i.e. the east), and 
turning round observed the fall of the aerolite,' which is said to have been accom¬ 
panied by steam or smoke. The sky was cloudy at the time. * 

The observer is reported to have become insane since the date of this occur-, 
rence. 1 have therefore been unable to gather any further information as to the 
circumstances of the fall.” ' * ' 


Analysis of Gold-dust fror/k the Meza Valley, Upper Burma, hy' Rf BoMAViS, 
D.So., OhemioaU Examiner to the Government of Burma. 

The Meza river is a western affluent of the Irawadi close to the town of Maya- 
doung, about 130 miles above Mandalay. The specimens were sent by the Deputy 
Commissioner of Katha, a station on the Irawadi some 35 miles higher up, and 

* For previous notices see voL XI, p. 188 j XII, 70; XIII, 206,; XIY, 196; XT. 141; XVl 
204; XVII, 1«; XVIII, 124. ‘ 
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60 miles below Bhamo. The sample A was found at the foot of a range of hills 
30 miles* west of Katha; its composition was as follows 


Gangae 


Gold 

Silrw # 
Copper pyrites 
Silver 
Magnetite. 
Quartz 

Loss on ignition 


• ? a 


8766 
6 96 
1*95 
1*64 

osa 

1’09 

1*46 


The specimen was in comparatively large irregular ^grains, with adhering 
quartz. The silver was partly alloyed with gold, partly in the residue insoluble 
in aqna*regia. Under the microscope I picked out an octahedral orysl^l of 
chrome iron and a grain of iridosmine. 

The sample B was from the river sand; it was in small smooth grains. It con¬ 
tained little magnetite, but a comparatively large quantity of iridosmine. Analy¬ 
sis gave the following result 


Gold.74*83 

saver.» . . . . • . . 286 

Platinum (with trace of indium) • 2‘63 

Iridosmine 704 

Zirconia.708 

Silica (by ^fference).5'66 


* 

The iridosmine is known to the gold-washers as shin-than (clear iron), hat 
they reject it as useless; so it Seems likely that with duo care a much lai^r pro¬ 
portion might he procured.^ • ^ 

In connection with the analysis of the gold, the following brief notice of ^he 
gold diggings in the'Katha district may be of interest; it is abstracted from a re¬ 
port by Mr. H. M. S. Mathews, as published in the Banjoon Gazette of the 18th 
August 1886. 

Five princii)al localities are noticed: (1) Ma-In-Shwomu, 70 miles north¬ 
west of Katha and 38 from Maing-Kaing on the Ghindwin, several days by boat 
above Kindat; (2)^Kaba Schwemu, 16 miles west of Wuntho; (3) Mauhaing 
Sohwemn, 25 miles w6bt of Mantolt; (4) Ko-nan-yna, 20 miles north-west of 
Manteit; (5) Nanka Schwemu, west of tbe Mu river and on the same parallel as 
Wuntho. There are old woi kings in the Eatha district itself, also in the inde¬ 
pendent conniiy north of Ma-In. 

There are three dil^erent method of working: 

(1) Shallow channels are dng in the gold-bearing ground, with deeper pools 
at intervals to serve as catbhment basins. -Water is tbbn conducted into the chan¬ 
nel from ths nearest hill stream. After a few hours the water-supply is diverted 

^nd the water baled out of the basins, the silt collSoted in these being carefulljT 
washed for gold dnsh 

(2) By washing the silt collected during the rains in drap catchment drains, 
sometimes a mile and a hal^ long, and generally the common property of a 
village. They yield from 5 to ^0 rupees weight of gold in the season. 

• ^ 

* For a BOtiee of iridosmine from the stream gold of Upper Assam, see a paper by Hr. Mallet 

in the Records for 1882 (Vol. XV, p, 68)., ^ 
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(3) By mining the auriferous layers in the deep alluvial deposits. The layer 
is generally a span or loss in thickness of dark sandy pebbly soil overlmd by a 
red layer of similar composition,^vrhich is again overlaid ordinary loam, from 
5 to 20 cubits in depth. In the dry V^ther drifts are^driven from the bank of a 
stream on the outcrop of the gold-layer. At intervals of about 7 or 8 cubits a 
shaft is sunk down to the drift, apparently to secure escape in case of a fall of 
earth; the drift is then continued in the most promising direction. The earn¬ 
ings are very uncertain: from Re. 1-4 weight of gold to only 4 annas weight in a 
month. At the diggings the gold is valued at about Bs. 20 per rupee weight ; 
at Katha the price is 20 to 30 Bs. 

T];ie gold-seekers are principally Kado Shans, t.e., half-bred Shan Bnrmans; 
they work for two or three months in the year, and for the rest ns ordinary cnlti- 
vators. The workings are said to have lioon carried on for 300 years. In 1882 
the Bunnoso official Sf were expelled by the Wanthb Chief who holds the countt'y 
still ' • 


‘additions to TflE MUSEUM. 

Fbom IST JuiT TO 30th Sbftxubbb 1886. 

' Dhobi’ll earth,’ sand with carbonate of soda, locallj used in washing clothes, occurs in 
patches among the low sand dunes on the shore of the Godavari delta; and some 
sulphurous earth, from the Godavari delta. Fbbsxhtbd bv Mb. J. Vahstavbbn. 
A piece of orpiment from Chitral, from hills north-west of Eilla Drassan. 

PBBSBKTBir BY DB. GiIBS, GiLOHIT MiSSIOK. 
Cobalt ore from Babai, south of Ehetri, and slag from old disused copper mines, 20 miles from 
Bahai near Dhanaota, about 1 mile north of Udeypur, a village tn Jeypore. , 

Pbbsbhtbi) bt Db. J. P. Stbatton, Poiitioal Aobnt, Jetfobb. 
A collection of minerals about 42 varieties, and 3 specimens of Eozoon canetdense, from 
Canada. Pbbsbnibd bt Sib J. WhuiAU Dawson. 

Specimen of gold dust from river sand, from Meza Chyaung. 

Pbbsbntbd by Db. B. Romanis, Chemical Eyaminbb, Bobua. 
A slab, 18 inches square, of red marble, cut and polished, from Jeypore, Rajputana. 

Pbbsentbd by thb Jbyfobb Mubbom 

• 

The nearly entire meteorite that fell on the 27th January 1886, at Nammianthalwillt^, 
6 miles north-east of Tiruvannamalai town in South Arcot, Madras, weight 4619 gram¬ 
mes. SBNf BY THB COLLBCIOB OF SoOTK AbOOT. 

Nineteen sperimens of mineralB from German localities. • » 

' By bzcb^nob, fbom thi^ Jbxa Univbbsity Mubbum. 

AD'DITIONS to THE LIBRARY. 

Fbom Ist July to 30eh Sbftbmbbb 1886. 

Titlea ^ Boolet, / Donors* 

Backeousb, James. —On a mandible of Macheerodus from the forest-bed. With an appen- 
dix by Lydekker. 8” Pam., London, 1886. R. Lydbkkbb. 

BBONN’s.-^Elsssen und Ordnunsen des Thier-Reichs. Band VI, abth III Beptilien, lief. 
. 60-63. 8° Leipzig, 1886. 
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Titles qf Books. Donors. 

BsossABt), J?.—Ebbm aar la coijatitation physique et g^ologiqae des rdipona mdridionalee 
de la 8uh«divi8ioa de Sdtif (Algdrie). 4° Paris, 1866. H. B. MbdiiIOOTT* 

Bitbma.—P apers oo the Cieology and Minq^ala of ^ritith Burma, reprinted by order of C. E* 
Bernard, Chief Commissionei. 8" Calcutta, 1882. 

Gbolooicai Subvbt of Ikoza. 

Bubnks, James.—h. narrative of a visit to the Court of Sinde; a sketch of the history 
of Cntch from its first connection with thft British Government in India 
till the conclusion of the treaty of 1819 ^ end some remarks on the medi> 
cal topography of Bhooj. 8** Edinburgh, 1831. 

Castillo, Antonio del, and Ba'bcbna, ilfartano.—Antropolo^a Mexicana. El Hombre 
del Penon. Noticia sobre el haUazgo de uu hombre prehistorico en el 
Valle de Mdxico. 8** Pam. Mexico, 1885. M. BAtCBiTA* 

Cautlby, Proby T .—On the structure of the Sevalik Hills and the organic remains found in 
them. 4° Pank, London, 1836. ^ H. B. Mbolicott. 

Clabkb, John M.—Ovi the higher Oevonian Faunas of Ontario county New York. 8” 
Washington, 1886. H. B. Mbllicott. 

Cofb, Edward D.— Beport on the 8tr|/dgraphy and pliocene^ vei'tobi ate paleontology of 
• Northern Colorado. 8” Pam., Washington, 1874. 

II. B. Mbdlicoit. 

, „ Beview of the vertebrata of the cretaceous period found west of the 

Mississippi river. 8“ Washington, 1874. H. B. Medlicott. 

Cboss, Whitman, and Hillbbband, W. F .—Contributions to the Mineralogy of the 
Bocky Mountaiiib. S'* Washington, 1886. H. B. MboliooTT. 

Davidsob, Thamas. —^The Siluriaw Brachiopoda of the Pentland Hills. 4® Pam., Glasgow, 
1868. H. B. Mbdliooi*. 

•Dawsob, Sir J. Witliam .—On the results of recent explorations of erect trees containing 

animal remains in the coaLformation of Mova Scotia. 4® 
London, 1882. Tbe Author. 

On some unsolved problems in Geology. 8® Pam., Salem, 
1883. Thb Author. 

On the cretaceous and tertiary floras of British Columbia and 
* - the Ntfrth-West Territory. 4® Montreal, 1883. 

Thb Author. 

Qp |he Mesozoic Floras of the Bocky Mountain Begion of 

Canada. 4F Montreal, 1886. Thb Author 

• • 

DrloauO. J. F. jyi»y.~Sobro a exidteucia do terreno siluriano no baixo alemtejo. 4° 

Lisbon, 1876. Gboloqical Survey, Portugal. 

* Belatorio da Commissao desempenhada em Hespanha* no anno de 
^ • 1878. 4° Pam., Lisboa, 1879. 

• GIologioal Survey, Portugal. 

.. Note snr les ficbantillons de ^ilobites envoyds a Texposition 

gdographique de Toulouse. 8® Pam., Toulouse, 1884. 

Gbologk;^! Survby, Portugal. 

Fischer, Paul. —Manuel de Cd^phyliologie. Fasc. X. 8° Paris, jl%86. 

Firmer, Rev. Osmond.^Jih. the variations of gravity at certayi stations o^ the Indian Arc 
of the meridian in relation to their bearing upon the constitution of the 

* earth’s crust. 8® Pam., London, 1886. Thb Author. 
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IStlei of Bookn. Bonort, 

Foktankbs, F .—Note ear la d^oouverte d'on nnio plimd dang le mioo^ne da Portngal. 

8” Pam., Lyon, 1883. dsoioaiCAL Subtbt, PoBxvaAt. 

„ Note ear qnelqaeg g^sen^nts nopyeanz deg terrains mioo^nes da Portogal 
et description d’on portanien da genie aohelons. 8^* Pam., Paris, 1884. 

GsOKOChlOAL SUBVBT, PoBltTaAB. 

FbahkIiIK, Jameg.—On the geology of a portion of Banddoand, Boghelound, and the dis¬ 
tricts of Saugor and Jubulpoie. 4** Pam, London, 1828. 

' u H. B. MbdZiXOott. 

Fttchb Albert. —^Bnrma pa^t and present with personal reminisoenoeB of the oonntYy. 
2 yols. S* London, 1878. 

Gabb, Wm. JIf.— On the topography and geology of Santo Domingo. 4** Philadelphia, 
* 1873. H. B. Mbdlioott. 

Gibbbs, Robert, W.—k memoii on Mosasanrus and the three allied new ge’^ora, Holoodns, 
Conosaurus, and Amphorosteus. 4” Pam., Washington, 1850. 

• H. B. Msmioor". 

Gbabt, C. W. —Memoir to illustrate a geological map of Catch. 4" London, 1837. 

H. B. Mbducott. 

HAairB,*^t*»o/<f, and Iddibos, Joge/vA, P.—On the development of crystallization in the 
igneous rocks of Washoe Nevada, with notes on the geology of the dis¬ 
trict. 8° Pam., Washington, 1886. * H. B. MBnuporr. 

Hatbb, Benjamin, and Bishop, B .—Memorandum with an analysis of the ores of copper 
in the Nellore and Cuddapah districts, and in the zemindaries of Venca- 
tagheny and Calastry. Together with a few remarks by C. A. Kerr. 8°* 
Madras, 1835. ^ H. B. MBotiooTi<. 

Hbctob, James. —Preliminary report on the recent Yolcania Eruptions. Flso. Pam., 
Wellington, 1886. . Thb Abthob. 

Huchcook, Edward. —Illustrations of surface geology. 4” Washington, 1857. 

• H. B. MbdZiIcotx. 

iBDo-CHiirA.—MisceUaneous papers relating to Indo-China: reprinted for the, Straits Branch 
of the Eoyal Asiatic Society from D ilrymple’s “ Oriental Repertory,” pud 
the “Asiatic Researches” and “Journal” of the Asiatic Society of Bengal. 
2 vols. 8^ London, 1886. •. 

Ibviko, Roland D»gr.—The copper-bearing rocks of Labe Superior. 4* Washington, 1883. 

Rbvbvvb ahi> Aobiccltobai:, OxPABXiiBirt. 

Ibvibo, Roland Duer and CKAHBBBLiir, T . C .— Observatioiis on the junction between (die 
eastern sandstone and the Keweenaw series on Keweenaw Pointy T.alfa 
Superior. 8° Washington, 1885. H. B. Mbduootx. 

.1 AM Rs, Joseph P.—A revision of the genas Clemataa of the United States. 8'' Pam., Cin¬ 
cinnati, 1883. ■* Thb Aitthob. 

„ Cephalopoda of the Cindnnati gkmp. 8” Pam., Cinrinnati, 1886. 

Thb Aitthob. 

Jakbs, U. P.—Catalogue of the Lower Silnriau Fossils, Cinoinnati group, found at Cincin¬ 
nati and vicinity within a range of 40 or 60 miles. 8* Pam., Cincumati, 
, , Thb Aoihob* 

„ Contributions to Paleontology: fossils o£ the Lower Silurian formation ■ 
Ohio, Indiana and Kentucky. 8* Pam., Cinoinnati, 1881. 

Thb Aptbob. 
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Titlk* cfSooJht, Donor*.' 

JxxBB, 27. P.—Descriptions of tea new species of MontiouUpora 'from fheCiocinnsti gnmp» 
Ohio. 8^ Paih., Cincinnati* 1883. Thb AtrraOB. 

JvvD, John Marekanite and its ^llies. ^ FAiuw London* 1886. Thb Aoteob. 

EAliKOWSxy, Ernti >-Elemente der Lithologie* 8” Heidelbeig* 1888. 

ElBKPaTBiOK, Colonel^Aa. acconnt of the kingdom of Nepanl, being the snbstanoe of ob> 
seTTations madeiduring a mission to that oonntry in the year 1793. 4* 
London, 1811. • 

Laitbb, Chtstctv C .—Die Eohinoiden derOesterreiohisch-Ungarisohen Oberen’Tertiaerablage- 

rongen. 4° Wien, 1871. H. B. llBOBloon.* 

Lbidt, Jottph.—Memon on the extinct species of American Ox. 4” Pam., Washington* 
1862. H. B. Mbsuooiv. 

9 

,* The ancient fanna of Nebraska; or, a description of remains of extinct 

Mammalia and Cbelonia from the manraiBes terres of Nebraska. 4* 
Washington,*1863. , H. B. Mbducott* 

„ A memoir on the ex&nct Sloth tribe *of North America. 4° Washington* 

1856. H. B. Mbducoxi* 

„ Cretaceous reptiles of tlA United States. 4* Washingpton, 1866. 

' H. Jl. Mbduooit. 

Lydbkebb, i2tcAar(2.—-Descriptiofl of a tooth of Mastodon latidens, Clift, from Borneo. BP 

Pam., London, 1885. B. Ltdbszbb. 

„ Note on some vertebrata from the Bed Crag. 8° Pam., London* 

1886. B. Ltsbxub. 

„ On the fomil mammalia of Martha, in North.Westem Persia. 8* 

Pam., London, 1886. B. Ltdbskbb. 

•Mabyih, JufM.—Fallontologie stratigraphique de rintnuLias dn ddpartement de la C6te> 
D’Or, suivie d*an aperf a paldontologiqne snr les mdmes assises dans le 
Bhone, I'Ard^he^et I'ls^re. 4° Paris, 1859. H. B. Mbducotp. 

Minbs.— Pinal report of Her Majesty’s Commissioners appointed to enquire into accidents 
* in Mines, and the possible means of preventing their occurrence or limit* 

• i^ their disastrons conieqnences, together with evidence and appendices. 

]^^.«London, 1886.* Oovbbnkbht or iHpiA. 

ifoTTSHEBTOPF, Jl V. —Turkestan;a geclogical and orographical description based upon 
, • data collected journeys of 1874 to 1880. VoL I. (In Bnssian.) 

* ' 8° St. Petersburg, 1886. 

PaldonMlogie Pran^aiW. 1" Serie, Animaux Invertdbrds, Terrain Jnraesiqn^ Crinoides 
* livr. 81; fiochne; Bchinides, livr. 4>6. Terrain Crdtaod: Zoophytes, livr* 

' 31-33. 2"* Sdrie, Vdg^taux, Terrain Jura88ique,^phddr4e8,,Byr. 36-86*. 

. 8° Paris, *1886. * 

FsBiXAirHf J. B.—Desoription of fossil remains of some nintala from the north’-east border 
of Bengal. 4** Pam., Lendon, 1828. • H. B. Mboucott. 

Pbtbb, Bohart.—Otx the gfeneral excellence of soils of Kentucky, Ac. 8^ Fun.* Frankfort, 
No date. Cisoissxn Sooibte of I^tvbal Hzbvobt. 

Foklio, B*.—On the pliocene of Maragha. Pemi&.andits resembtance to that of Fikermi 
In Gre^; on {08811 elepkant remains of Caucasia and ^rsfa; and on the 
results'of a monograph of the fossil elephdbts of Germany and Italy. BP 
Pam., London, 1886. Thb Aitthob. 
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Titles of^Books. Donors, 

Fdupbllt, ^eologioar researches in China, Mongolia, and Japan, during the 

years 1862 to 1865. 4" Washington, 1866. H. B. Mbdlicotc. 

Qitatbefaobs, Armand de .— ^Lcl ageso prghiBtoriques de 1’ Espagne et da Fortngal. 

Frdface. 8“ Paris, 1886. ^ Thb Acthob. 

Ribbibo, Carlos.—'Dvs formations tertiaires du Portugal.,. 8“ Pam., Paris, 1880. 

Geolooical Subvby, Fobtuoai. 

ROtihbtbb, X.— Untersuchung der Thierresto aus den Pfahlhauten der Schweiz. 4* 
Pam., Zurich, 1860. H. B. Mbdlicott. 

BcIiATBb, P. X.—On the Rhinoceroses now or lately living in the menagerie of the Zoolo¬ 
gical Society of London. 4° Londoi^, 1876, H. B. Mbpucott. 

StoIiICZea, Ferdinand, —Ol^ocane Bryozoen von Latdorf in Bernbarg. 8" Pam., Wien, 
Iggl, H. B. Mbdlioott. 

Swab, James G.—Thtf Indians of Cape Flattery, at the entrance to the Strait of Paoa, 
Washington Territory. 4“ Washington, 1869. H. B. Mbdlicott. 

Tbbquem, o’ and Pibtte, P.—Le Lias infdriear de 1' Est de la Prance oompronanVla Meurthe, 
la Moselle, le Grand-Ducbd de*^ Luxembourg, la Belgique et la Mpuse. 

' 4“ Paris, 1865. ' H. B. Mbdwcott. 

Thouab, Cyrus, —Synopsis of the Acrididae of North America. 4* Washington, 1873. 

H. B. Mediicott. 


Thomsob, Sir C. Wyville, and Mubeay, John .—Report of the scientific results of the 
voyage of H. M. S. "Challenger" during 1873-76. Vol. XIV, Zoology, 
4“ Loudon, 1886. Sboy. op State. 

Walk, G. P. and Saweibb, James O ,—^Report on the geology of Trinidad. 8 London. 
1860. 

Wabdbb, Robert B.—An antiseptic' called " Ozone.” 8“ Pam., Columbus, 1882. 

The Authob. 


WbssbIi, Philipp, and Webbb, 0#fo.—Neuer Beitrag zur Tertiar-Plora deT niederrheinis- 
ohen Braun kohleuformation. 4" Cassel, 1855. H. B. Mbdlioott. 


White, Charles A.— On marine eocene fresh- water miocene and other fossil moUusca of 
western North America. 8“ Pam.^ Washington, 1886. 

U. B. MEDLicofr. 


„ On new cretaceous fossils from California. 8* Pam., Washuigt^^^ 

]lgg5^ H. B. Mbdlicott. 

* • " ^ o 

WAittlesby, Chasrles.-^-On the fnMh-water glacial drift of the North-Western States. 4 
Washington, 1866. H. B^f Mbdlicott. 

WiLLiAUB, D, JET.—A geological report on the KymoT® Mountains, the Ramghur Coal¬ 
fields, and OH the manufacture of iron, &o. 8* Calcutua, 1862, 

H. B. Mbdlicott. 


Willis, Bailey,—The lignites of the Great Sioux Reseiwation ; a report on the region 
.* between the Grand and Moreau rivers, Dakota. 8" Pam., Washington, 
Igg^ 1 H. B. Mbdlicott. 

Yule, ffeury, and Bdbbell, Arthur CoJhe.-—Hobson-Jabson : being a glossary of Anglo- 
‘ Indian colloquial words and{phrases, and of kindred terms; etypiolo- 
gical, historical, geographical, and discursive. 8° Iiondon, 1886. , 
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Ad^iliona to tie Library. $1^ 

PERIODICALS, SERIALS, Ao. 4, 

Titles ef Books. * 

Amerioan Journal of Science. Series, Vol. XXXI, No, 186 to XXXII, No 189. 8* l4ew 
Haven, 1886. , , Thi Nditou. 

Amerioan Naturalist. Yol. XX, No 5. 8** FhiJ^elpbia, 1886. 

Annalen der Pbjsik and Chemi^ Neue Folge. j^nd XXVIII, beft 2*4 8° Leipzig, 1886. 
Annales des Mines. S'” Sdrie, Tome IX, li^’r. 1. 8° Paris, 1886. L’anKlNls. DBS MlBBS. 
Annales des Sciences Naturelles. T"*” Sdrie, Botaniquo, Tomc^IIl, Nos 4^6. 8” Paris* 1886. 
Annales des Sciences Naturelles, S6rie, Zoologie et Pal^ntologie. Tome XX, Nos 8<4. 
8* Paris, 1886. 

Ann^s and Magazine of Natural History. 6th Series, Yol., XYIII, Nos. 103-106. 8° 
London, 1886. 

Archir fiir Naturgoschichte. Jahi^. L, heft 6. 8° Berlin, 1884. ^ 

Atbenffium Nos. 3059*3072. 4® London, 1886. 

BeiblKtter/.u den Annalen der Fhysik and Chemie. Band X, Nos. 6-8. 8° Leipzig, 1886. 
Biblioth^ue Unherselle. Archives des Sciences Physiques et Naturelles, 3'" P4riode, 
Tome XY, Nos. 4*8. 8” Genbve, 1886. 

Bibliothbgne Universelle et Revue Suisse. S’”” Pdriode, Tome XXX, No. 89 to XXXI, 
No. 91. 8” Lausan^, 1886. , 

Botanisches Centralblatt. Ban^jJi^XYI, No. 9 to XXYII, No. 11. 8° Cassel, 1886. 

Chemical News. Yol. LlII, No. 1386 to LIY, No. 1398. 4° London, 1886? 

Colliery Guardian. Yol. LI, No. i^28, to LII, No. 1341. Fol. London, 1886. 

Das Ausland. Jahrg. LIX, Nos. 23-36. 4° Stuttgart, 1886. 

Geological Magazine. New seri js, Decade III, Yol. Ill, Nos. 7-9. 8” London, 1886. 

Indian Engineer. Yol. I, Nos. 8-13. 4“ Calcutta, 1886. The Editob. 

Iron. Yol. XXYII, No. 700 to ^XYIII, No. 713. Pol. London, 1886. 

Journal de Conchyliologio. 3*°" sdrie, Tome XXYI, No. 1. 8° Paris, 1886. 

London, Edinburgh jind Dublin Philosophical Magazine and Journal of Science. 5th series, 
Yol, XXII, Nos. 134-136. 8* London, 1886. 

Mining Journal. Yol. LYI, Nos. ^650-2663. Fol. London, 1886. 

Naturm Novijj^tes. Jahrg. YIII, Nos. 1L17. 8“ Berlin, 1886. 

Nature. Yol. XXXIY, No. 887-880. 4" London, 1886. 

Neues Jahrbueh fiir Mineralogie, Geologie and Falaeontologie. Jahrg. 1886, Band If, heft 
• J.-3. 8° Stuttgart, 1886, 

Neues Jabrbuch fiir Mineralogie, GeSlogie and Falaeontologie. Beilage-Band lY, heft 3* 

• 8" Stuttgart, 1886. 

Pakeontographica. Band XXXII, lief 4. 4° Stuttgart, 1886. 

Thlseontographica. Supplement III. 4** Cassel, 1885. 

Fetermann's Geographische Mittheilimgen. Band XXXII, Nos. 6-8. 4° Gotha, 1886. % 

Petermani^s Geographische Mittheilungen. Supplement No. 83. 4” Gotha, 1886. 

Quarterly Journal of jllicroscopical Science. New series. Yol. XXYI, pt. d^^and XXYII 
, pt. 1. London, 1886. * 

ZeitTChrifI fiir Naturwissenschaften. Folge 4, Band Y, heft 1-2. 8° Halle, 1886. 


GOYERNMENT SELECTIONS, REPORTS, Ac. 

BlsoAt.—QuEtterly Bengal Army list. Newtseries, No. 97. 8” ifalcntta, 1886. 

* Govb^hbnt OB Ibdu. 

Combat.—S elections from the Records of the Bombay Gov^nment. New series, Nos. 1^8 
and 181-185. Fisc. Bombay, 1886. Bombay GoYBBRMBirv. 
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[voi.. XIX. 


TiiU» qf Boohs, Donors. 

India. —The Imperial Gazetteer of India. By W. W. Harter. 2nd edition. VoIb. 1—VIII 
8* London, 1886. GorsBNUBNT on India. 

„ Note on an inspection of the fo.'ests in Ondh in March and April 1886. By B* 
Ribbentrop. Fisc., Simla, <1886. 

„ Report on the course of instruction at the Forest School, Dehra Dun, during 1885. 

Fisc., Simla, 1886. Govbbnment of India* 

„ * Review of forest administration in British India for 1884>85. Fisc., Simla, 1886. 

• Govbbnmbnt of India. 

„ Government of India. Civil Bu^et Estimate for 1886-87. Fisc., Calcutta, 1886. 

GoyBBNUBNir OF India. 

„ . List of Ofilcers in the Survey Departments,^corrected to 1st July 1886. Fisc. 

Calcutta, 1886. Rbvendb and AoBicuLTiTBAt 0 ''pabthbnt. 

„ Meteorological observations recorded at six stations in India, coirected and reduced. 
December 1885 and January to May 1886. 4* Calcutta, 1886. 

. Mrtbobolooical Rbpobtbb to Govbbnuent of India. 

„ Review of the trade of India in 1886.86. By J. £. O’Conor. Flso., Simla, 1886. 

' Govbbnmbnt of India. 


TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES, SURVEYS, Ac. 

Baltimobb.— American Journal of Mathematics. Vol. VIII, No. 3. 4° Baltimore, 1886. 

«• Johns Hopkins Univbbsitt. 

„ Johns Hopkins University Studies in Historical and Political Science 
4th series. VII-VHI—IX. 8° Baltimore, 1886. 

Thb Univbbsitt. 

Batavia. —^Notnlen van het Bataviaasch Genootsohap van Knnsten en Wetenschappen. 

Deel XXIV, Afl. 2. 8” Batavia, 1886. 'IIThb Socibtt. 

„ Tydsohriit voor indische Taal-land-en Volkenknnde. Deel XXXI, Ail. 2-3. 

8° Batavia, 1886. ^ Thb SociBTt. 

„ De vestiging van het Nederlandsohe Gezag over de Banda-Eilanden (1699— 
1621). Door J. A. Van der Chijs. 8° Batavia, 1886. Thb Socibtt. 

BBSLlN.-'-Zeitschrift der Deutschen geologischen Oesellsohaft. Band XXXVIII, heft 1-C 
8® Berlin, 1886. ^ Thb Socibtt. 

Boubat.— Journal of the Bombay Natural History Society. Vol. I, No. 3. 8° Bombay, 
1886. , Tids Socibtt. 

BBCSSEiS.—Bulletin de la Socidtd Royale Beige ^e Gdographie. Annde Xj. No. 2. 8° 
Bruxelles, 1886. Thb Socibtt. 

„ Bulletin du Musde Royal d’ Histoire Naturelle de Belgique. Tome IV, No. 2. 

8" Bruxelles, 1886. Thb Mdsbhk. 

Budapbst.— Termdszetrajzi Fuzetek. Vol. X, Nos. 2-3. 8® Budapest, 1886. 

c. f Thb Mdsbdm. 

CAiiCtmA.—Annual report, lists of accessions, and selected extracts of minutes of the 
* Indian Museum. Vols. XII—*XVI. 8® Calcutta, 1881-1885. * * 

Indian Mcsbcm. * 
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Aiditiont to the Library. 


Titter <ff Boohe. “ Donortk 

Calovtml. —Catal(^e of the remains of Fleistooene and Pie^histArio Vertehnta, oontained 
in the 6eolo{^al Department of the Indian Museum, Calontta. By B. 
Lydehher. 8" Calcatta^l886. ^ GtOLoaioaii SoBVXT of iKBia. 

Catalogue of the remains of Siwijih Yertebrata contaiued in the Geological 
Department of the Indian Mnseum, Calcutta. Part 11, Aves, BeptUia, 
and Pisces. By B. Lydekhei 8° Calcutta. 1886. 

Gb^looical Sobtbt op Ibdia. 

„ Asiatic Besearches; or. Transactions of the Gbciety instituted in Bengal for 
enquiring into the History and Antiquities, the Arts, Beiences, and Litera* 
a tnre of Asia. Vols. I to XI. Printed Teibatimfrom the Calcutta edition, 
4" London, 1799-|812- 

„ Do. Do. Vole. XII—XIV, XVI, XVII, XIX and XX, 

4** Calcutta, 1816-1836. 

„ * Journal of the A§iath3 Society of Bengal. New series^ Vol. LV, Part 1, No. 9, 

and Part II, No. 9» 8" Calcutta, 1886. Thb SooihtT. 

„ ^ Proceedings of the Asiatic Society of Bengal. Nos. IV-VI. 8° Calon^ 1886. 

. • Thb Sooibtt. 

M PalsBontologia Indicg#* Series X, VoL IV, pt. 1, and Series XIV^ Vol. I., pt. 8, 
fasc. 6. 4” Calojitta, 1886. Gbologica.! Subtbt of India. 

• „ Becords of the Geological Survey of India. Vol. XIX, pt. 3. 8” Calcutta, 
1886. ‘ Gbosooioal Sdbtbt of India. 

„ General report on the operations of the Survey of India Department during 
1884-86. Fisc Calcutta, 1886. Sorybt OP India. 

„ Survey of India Department. Notes for May to August 1886. Fisc. Calcutta, 
1886. SoBYBT OF India. 

' „ Tables of heights in Sind, the Punjab, N -W-ProYinces, and Central India, 

determined by t^e Great Trigonometrical Survey of India, trigonometri* 
cally and by spirit-leveling operations, to May 1862. 8” Calontta, 

• 1863. 

• „ Beport of the 9th annual meeting of the Indian Association for the CultiyAion 
. ' of Science. 8° Calcutta, 1886. Thb Association. 

„ University of Calcutta. Minutes for the year 1886-86. 8” Calcutta, 1886. 

* Calcutta Uniybbsitt. 

> CAVhBiDOB. -Proceedings of ihe«Cambridge Philosophical Society. Vol.IV, pt. 6. 8” Cam> 

* bridge, 1883. Thb Sooibtt. 

„* Transactions of the Cambridge Philosophical Society. VoL XllI, pt. 3- 4* 

\ Cambridge, 1883. Thb Socibtt. 

Cahbbidob Mass.— Bullethi of the Museum of Comparative Zoology. Vol.*XlI, No. 6, 
s * 8‘’ Cambridge, 1886. , Trb Musauit. 

Cincinnati. —Catalogue of the books and pamphlets in th* library of the Cincinnati Society 
of Natural History. By Joseph F. James. 8” Cincinnati, 1886. 

Cincinnati Sooibtt of Natubal Histobt. 

Journal of the Cincinnati Societyiof Natural HistorysT*Vol. I, Nos. 1, 2 and 
4; II, Nos. I,%and4; III, Nos. 1, 3 and 4; IV, Nq|. 1-4; V, Nos. 
1-4; VI, Nos. 1-4; VJI, Nos. 1-4; THU, Nos, 1, 8 'and 4!; IX, 
Nos. 1-2. 8° Cinchmati, 1878-1886. Thb SooiBtT. 
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Titlea qf Books, Donors, 

CoiUMBUfl.—Annual repoH of the Ohio State Board of Agricnltaro for 1872-1874, 1876 
and 1877. 8" Columbus, 1873-1878. ^ 

CiNoiNKATi SociBTir OF Natubai Histoby. 

i 

„ Final report of the Ohio State^ Board of Centennial Managers to the General 
Assembly of the State of Ohio. 8° Columbus, 1877. 

Cincinnati Socibty of Natubai Hibtobt. 

‘t, Geologische Yenaessung des Staates Ohio. Theil 1-3. 8® Columbus, 1871. 

Cincinnati Socibtt of Natubai Histobt. 

„ Beport of the Geological Survey of Ohio. Yols. II—111 Geology, and Yol. II 
PalsBOntOlogy. S*’ Columbus, 1874-1878. 

CiNCiNNJvri Society of Natubai History. 

CoFBNfiAOBN. —Mi^moires de l’Acad4mie Koyalc do Copenhague. 6“* sdric, Yol. IL 
Nos. 8-10, III, No. 2, and lY, No. 1. 4* Copenhague, 1886-1886. 

0 Thb Academy. 

Oversigt over dct kong. dansko Yidenskahernes Selskahs. No, 3 (1885) 
and No. 1 (1886). 8“ Copenhague, 1886-1886. Thb Academy. 

Dbhba Dun. —Great Trigon.ometrical Survey of I^dia. Spirit-levelled heights. Nos. 1-3, 
Southern India. 8“ Dehra Dun, 1872.^879. 

„ Great Trigonometrical Survey. Spirit-levelled heights in the Bengal Presi¬ 
dency. Series I—VII. 8“ Dehra Dun, 1884. 

„ Great Trigonometrical Survey, Spirit-levelled heights in the Bombay Presi¬ 
dency, Nos. 1.4. 8® Dehra Dun, 1879-1886. ^ 

„ Tables of heights in the Punjab, N.-W. Provinces and Oudb, determined by 

the spirit-levelling operations of the Great Trigonometrical Survey of India 
in 1866-67 to 1871-72. Sections I—IX. 8° Dehra Dun, 1869-1873. 

Dbbsden. —Sitzungsberichte und Abhandl ungen der Naturwissenscbaftlichen Gesellschaft 
Isis in Dresden. Jabi^. 1886, Januar bis Juni. 8“ Dresden, 1886. 

The Society. 

Dublin. —Report of the Director of the Science and Art Museum, Dublin^ for 1886. 8® 

Dublin, 1886. The Museum. 

EDiNl^aoH.—Scottish Geographical Magazine. Yol. I, Nos. 4-9, and II, Nos. 6-9. 8® 
Edinburgh, 1886-1886. The Society. 

KSniosberh.—S chriften dor Physikalisch-Gkonomischcn Gesellschaft. Jahrg. XXYI. 4? 

Eonigsberg, 1886. The Society^ 

liAUSANNB.—- Bulletin do la Socidtd Yaudoisc des Sciences Naturelles. 2'"®s6rie. Yol. XW, 
No. 81. 8° Lausanne, 1879. The Spcibty. 

London.— Journal of the Linnean Society of London. Botany, Yol. XXI, N^s. 138-144* 
and 160. Zoology, Yol.'XIX, Nos. 109-113. ,8" London, 1886-1886. 

The Society. 

„ Transactions of the Linnean Society of London. 2nd series. Zoology, Yol. Hr 
pts. 12,16-17, and Yol. Ill, pt. 4. 4® London, 1886-1886. 

Thb Society. 

„ Journal »f..the'Royal Asiatic Society of Great Britain and Ireland. New series, 
Yol. XYIII, pt. 2. 8® London, 1886. ^ Thb Society. 

„ Journal of the Sqciety of Arts. Yol. XXXIY, Nos. 1751-1764. 8® Lond^a, 
1886. ‘ ♦ The Socibty-^ 
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Titlet qf Books. Donor*, 

London^—P roceedings of the Royal Ge<^raphical Society. New lories, Vol. VIII, Nos. 6-»8* 
8* London, 1886. Ths Sooiwt. 

„ Proceedings of the Royal Sooiejiy. Vo^. XL, No. 243. 8“ London, 1886. 

Th£ Sooistt. 

„ Proceedings of the Zoological Society of London. Part I. 1886. 8" London, 
1886. Thb Societt. 

* „ Quarterly Journal of the Qeologicnl Society of London. Vol. XLII, Ndf 166. 

8" London, 1886. .• The Society. 

Mapbid.—S oletin de la Sociedad Geografica de Madrid. Tome XX, Nos. 4r6. 8® Madrid, 
^ 1886. '• The Society. 

Manchesteb.— Transactions of tl^ Manchester Geological Society. Vol. XVlII,^pt. 20. 

8“ Manchester, 1886. The Society. 

Moscott. —Bulletin de la Socidtd Impdriale des Natnrnlistes. Tonio LXI, Nos. 3-4. 8“ 

• Moscon, 1886. • * The SOCIETY. 

Newcastle.-—T ransactions of the nSrth of England* Institute of Mining and Mechanical 
, Engineers. Vol. XXXV, pt. 3. 8“ Newcastle, 1886. 

* ^ , The Institution. ^ 

PaEis. —Bulletin de la Socidtd ^tdSgiquo de France. 3""* sdrie. Tome XJII, No. 8. 8“ 
Paris, 1886. ' The Society. 

,, Mdmoires de la Socidtd Gdologiqne do France. S™' sdrie. Tome IV, No. 2. 4° 
Paris, 1886. The Society. 

„ Compto rendu des Sdanft's do la Souidtd do Gdographie. Nos. 6 and 11-15. 8° 

• Paris, 1886. The Society. 

PENZANCK.—Transactiona of the ^oyal Geological Society of Cornwall. Vol X, pt. 8. 8” 

, Penzance, 1886. The Society. 

, Philapelfhia.—J ofirnal of the Franklin Institute. 3rd series, Vol. XCI, Nos. 6 and XCII. 

Nos. 1-3. 8° Philadelphia, 1886. The Institute. 

„ Proceedings Academy of Natural Sciences. Part 1. 8® Philadel- 

* phia, 1886. The Academy. 

• „ Proceedings of the American Philosophical Society. Vol, XXIII, N|^122. 

. - • j8® Philadelphia, 1886. The SCciety. 

Pisa.—A tti della Societa Toscana di ^cienzo Natural!. Memorie Vol. VII. 8* Pisa, 1886. 

* The Society. 


, ' Atti della Societa TosainE di Scienze Natural!. Processi verbalL Vol. V. pp. 69-94. 

8" Pisa, 1886. . The Sogxei;.. 

* * 

PoBTCOAL.— Sobre a existencia do Terreno Siluriano No Baixo Alemtejo. Por. J. F. N. 

. ^ Delgado. 4® Lisboa, 1876. Geobooioab Subvey„ Pobtugal. 

„ §ection des TrWux Gdologiquetf du Portugal. Contributions a la Flora Fossile 
% da Portugal, par le Dr. Oswald Heer. 4^ Lisbonue, 1881. 

GeolooicaIi Subvby, Pobtuoal. 

„ Relatorio e outros documentos relativos 6 CommissAo soientifica desempenhada 
em differeutes cidades da Italia, Allemanha e«,£Mft>oa. By J. F. N. 

Delgado. 4V Lisboa, 1882. • GEOLooiolb Subyby, Pobtuoab. 

• 

l^UB.—Atti della R. Accaderaia dei Idncoi, Serie 3, MemcEfie, Vols. X'flll—XIX; and 
Serie Vol. II. Roiifa, 1884-1885. Thb AcaDBXY* 
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[voL. XIX. 


Titlet qf Booke. Dottore. 

Roobebx.—T ables of heists in N^W. Provinoes and Bengal, determined bj the Gt T. S. of 
L, by 8piiit>leTeling operatioua, to May S.866. 8* Boorkee, 1866. 

St. PETBBaBUBa.—Bibliothbque Gdologiquede la Bnaaie. 1, 1885. 8” St. Pdtenbourg, 1886. 

' Gbolooical Comuisbion. 

„ Bnlletina da Comitd Gdologiqoe. Tol. V, Nos. 1.6. 8” St Pdtersbourg, 

1886. Qboiogicai CoiiUissiOH. 

„ Mdmoires da Comitd Qdologiqae. Yol. II, No. 3. 4° St. Pdtereboorg, ' 

1886. Geoiogioal Couuibbion. 

SAiiBH.-->BalIetin of the Ea^Adeatitate. VoL XVII, No. 4rd. 8° Salem, 1885# 

EaBBJrlxSTITVTB. 

„ Memoirs of the Feat^y Academy of Science. '\ul. II. 8” Salem, 1886. 

Thb A^adbmy. 

Sab FBAVCisco.’^BulIetin of the California Academy of Sciences. No. 4. 8° Sav. Francisco, 
1886. Tns Acadbmy. 

SlDBBT.—Report of the committee of management of the Technological, Industrial and 
Sanitary Museum for 1885. Fisc. Sydney, 1886. » Thb Mubboh. 

Tobino.—A tti della R. Acoademiadelle Scienze di ToiiWo^^ol. XXI, disp. 6.6. 8° Torino, 
1886. Thb Acadbuy. 

ToBOKTO.—ProceediDgs of the Canadian Institute. 3id series, Vol. Ill, No. 4. 8° Tortinto, 
1886. Thb Ihstitutb. 


ViCTOBlA.—Report on the carboniferous strata and coal seams situated on the coast between 
Western Port Bay and Anderson's Inlet, 8 miles east of Cape Patterson 
in Bass's Struts. By A. B. C. Selwynf Fisc. Melbourne, 1854. 

R. D. OedLlAH. 


\ 

U 


Reports relative to the Geological Survey of Victoria, 1861. Fisc, Melbourne, ’ 
1862. ^ R. D. Oldhah. 

Report on coal seams. Cape Patterson, with and section. By Alfred R. C. 

Selwyn. Fisc. Melbourne, 1867. R. D. Oibhaic. 

Repoit on the coal fields of Victoria. Nos. 1«2. By John Mackenzie. Fisc. 

Melbourne, 1873. B. D. OtlOlAlt. 

Annual report of the Secretary for Mines and Water-Supply. Fisc. Melbourne, 
1886. Dbfabtmbnt of Mines and Watbb^dk’I'V^^^ 

Mineral Statistics of Victoria fo/1885. Fisc., Melbourne, 1886. 

• Dbfabtmbnt of Minbs, VictObia. 

* ^ • S * , y. 

The Gold-fields of Victoria. Reports of the Mining Registrars for the quarter 
ending Slst March 1886. Fisc. Melbourne, 1886. 

, Minina Dbfabtmbnt, Victobia. 

ViBNNA.—Annalen des k. k. Naturhistoriseben Hofmubeums. Band I, No. 3. 8° Wien, 
1886. ' Thb MusXuv. 

Verhandlungen dor k. k. geologiachen Beichaanstalt. Nos. 7*9. 8" Wien, 1886. 

* ^ Thb Institotb, 

Washington.—^A n^~! report of the Smithsonian Institution for 1884. 4° Washington, 


« « I 

9 » 


bulletin of the United Statea National Museum. No. 24 8*’ Washing^, 
1883. BbviInub and Agbiodithbaii Dbfabtmbnt.. 
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2^let of Boohs. Donors. 

Wa8Hii»oton.— Fifth annnal report of the United States GH^logioal Snrvej, 1883>84. 

Roy. 8" Wae&ington, 1885. United States GEoioaiCM Sdbvet. 

„ Transactions and Proceedings o:^the New Zealand Institute. Yol. XYill. 

Index to Vols, 1-17. 8“ Wellington, 1886. The Imbtitutiok. 

_ * ^ _ __ 

Toxobama.— Transactions of the Asiatic Sooieiy of Japan. Vcl. XIV, pt. 1. 8° Yokohama) 

1886. The Society. 

• „ Transactions of the Soismulogical Society of Jhpan. Vol. IX, pts. 1-?. 8" 

Yokohama, 1886. The Society. 


I 


MAPS. 


Rochania. —Harta geologica geneg^la a Roraanici lucrata de Jnemhni Bluroului Qeologio 
sub diructiunea domnului Gr. Stefancscu. Sheets YIl—IX. Jduoharesti 
^ No date. ^ Geological Bcbray. 

Tcbeestax. —Carto gdologiqne du Turkestan Russo dressde en 1881 par les ingdnietira des 
nsines G. RomauOTsky et I. Mouofiketow, d’aprfes leurs propres 'observa-* 
tions faites do 1.S74 k 1880. St. Pdtersbourg, 1886. 

• * Geological Cohuission. Rdbsia. 

* October 23rd, 1886. , 
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